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Florida  Selection-15  (or  Osceola),  a new  white  clover  (Tri fol i urn 
repens  L. ) cultivar  which  resulted  from  mass  selection  to  improve  the 
persistence  of  this  forage  legume,  was  subjected  to  a grazing  manage- 
ment study  in  association  with  bahiagrass  (Paspalum  notatum  Flugge). 

The  effects  of  summer- fall  periods  of  deferment  (40,  68,  96,  124,  and 
152  days  after  20  June)  and  grazing  pressure  (levels  of  500,  1000,  1500, 
2000,  and  2500  kg  DM  of  post-grazing  residue  ha  ^ ) , were  studied  on 
"wet"  and  "dry"  sites.  Included  were  three  qualitative  subplot  treat- 
ments: (a)  a herbicide,  Banvel®  (40.6%  3,6  dicloro-O-anisic  acid), 

(b)  a nematocide-insecticide,  Furadan  (10%  carbofuran  2-3  dihydro 
2,2  dimethyl-7-7  benzafuramyl  methyl  carbamate),  and  (c)  a control  of 
no  herbicide/nematocide- insecticide  application. 

Total  available  forage  and  white  clover  herbage  in  1982  and  1983 
increased  with  decreasing  residue  but  response  to  period  of  deferment 
reached  a maximum  value  at  96  to  124  days  for  total  available  forage 
and  68  to  96  days  for  white  clover. 


White  clover  forage  appeared  to  be  directly  influenced  by 
summer- fal 1 grazing  management  through  its  effect  on  survival  potential. 
Soil  seed  reserves,  seedling  recruitment,  live-over  plants  and  ground 
cover  were  all  at  a high  level  under  heavy  grazing  pressure  (decreasing 
residue)  and  intermediate  to  short  periods  of  deferment.  The  wetter 
site,  because  of  better  survival  potential,  resulted  in  large  amounts 
of  clover  forage.  Ban vel®- treated  plots,  because  they  contained  many 
seedling  white  clover  plants,  gave  the  smallest  amount  of  forage. 

Both  white  clover  survival  potential  and  forage  were  inversely  related 
to  cool  season  weed  species  cover.  While  pest  and  disease  attack  was 
greater  at  more  lax  grazing  management,  the  disease  attack  scores  how- 
ever recorded  were  generally  low  to  cause  much  concern.  The  influence 
of  both  moisture  conditions  and  herbicide/nematoci de-insecticide 
applications  were  generally  minimal.  White  clover  stolon  organic 
reserves  (total  non-structural  carbohydrates  and  crude  protein)  con- 
tents in  the  spring  were  little  affected  by  the  grazing  management  of 
the  preceeding  summer- fall  period.  An  accompanying  small  study  in 
which  the  summer- fall  grazing  was  terminated  early,  resulted  in 
increased  amounts  of  forage  the  following  spring,  but  unless  the 
forage  was  grazed  during  the  late  winter-early  spring  period,  the 
clover  component  was  heavily  attacked  by  pests  and  diseases. 
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CHAPTER  I 
INTRODUCTION 

Research  to  evaluate,  develop,  and  manage  tropical  legumes  for 
permanent  pastures  in  Florida  has  been  intensified  in  recent  years. 

High  production  costs,  especially  N fertilizer,  and  characteristically 
low  forage  quality  of  subtropical  grasses  in  peninsular  Florida 
indicate  tremendous  potential  from  incorporation  of  summer  legumes 
into  permanent  grass  pastures  (Pitman,  1983),  Tropical  summer  growing 
legumes  available  commercially  include  the  annual  legumes,  aeschynomene 
(Aeschynomene  americana  L.),  the  short-lived  perennial  legumes,  phasey 
bean  [Macroptilium  lathyroides  (L.)  Urb.],  and  the  perennial  legume, 
'Florida'  carpon  desmodium  [Desmodium  heterocarpon  (L.)  DC  var.  hetero- 
carpon].  These  legumes  initiate  growth  in  late  spring,  grow  best  in 
summer-early  autumn,  and  succumb  to  the  cold  of  the  late  autumn-winter 
season.  Cool -season  growing  pasture  legumes,  such  as  white  clover 
(Tri fol i urn  repens  L. ) fill  the  production  gap  in  the  winter-early 
spring  period. 

Grass-clover  pastures  are  the  basis  of  many  livestock  enterprises 
in  temperate  and  subtropical  areas  of  the  world.  This  is  particularly 
so  because  of  the  complementary  use  of  N by  the  grass  and  clover  in 
the  system.  The  complementary  growth  rhythms  of  the  grass  and  clover 
result  in  higher  forage  yields  and  a more  uniform  distribution  of  dry 
matter  production  throughout  the  year,  than  stands  of  either  component. 
Because  of  the  clover  component  when  effectively  inoculated  with  a 
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Rhizobium  which  fixes  atmospheric  N,  grass-clover  swards  are  capable 
of  producing  as  much  dry  matter  as  pure  grass  swards  receiving 
high  amounts  of  inorganic  N fertilizers.  However,  only  when  a stable 
association  is  maintained  between  the  sward  components  are  the  full 
advantages  of  the  grass-clover  mixtures  realized. 

In  the  subtropical  environments  such  as  exist  in  north  central 
Flordia,  white  clover  behaves  primarily  as  a reseeding  annual.  It 
grows  mainly  in  spring,  its  frequency  usually  declines  over  summer 
and  early  fall,  but  increases  over  winter  to  reach  a peak  in  spring. 
Growth  is  variable  from  year  to  year,  depending  on  both  spring  rain- 
fall and  the  amount  of  clover  seed  reserves  present. 

The  persistence  of  white  clover  in  grazed  pasture  may  be  attri- 
buted to  low  mortality  of  the  original  plants,  and  survival  of  stolons 
through  the  summer  and  fall.  On  the  other  hand,  it  may  persist  depend- 
ing upon  regeneration  from  seed  produced  from  the  preceeding  year. 
Survival  dynamics  of  white  clover  in  association  with  tropical  grasses 
are  presently  little  known.  Environmental  factors  such  as  soil  mois- 
ture and  stolon  and  root  rot  diseases  seem  to  be  generally  implicated. 
The  increase  in  white  clover  in  the  cooler  months  appears  to  be  a 
function  of  both  the  growth  of  surviving  stolons  and  regeneration 
from  the  soil  seed  pool.  Both  these  vary  considerably  from  site  to 
site  under  the  influence  of  recurrent  climatic  factors  and  grazing 
management  systems  employed. 

Efforts  to  improve  clover  performance  through  selection  for 
survival  during  the  summer  have  resulted  in  the  release  of  the  white 
clover  cultivar,  Florida  Selection-15,  in  north  central  peninsular 
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Florida.  To  assess  its  survival  ability  through  summer  and  fall,  the 
selection  has  been  tested  under  a wide  range  of  summer  and  fall 
grazing  managements  in  association  with  bahiagrass  (Paspalum  notatum 
Flugge)  cv.  Pensacola  at  the  University  of  Florida's  Beef  Research 
Unit.  This  grazing  management  study  is  the  subject  of  the  work 
currently  reported. 


CHAPTER  II 

REVIEW  OF  THE  LITERATURE 


Pasture  Components 


Bahiaqrass 

Bahiagrass  (Paspalum  notatum  Flugge)  is  a creeping  perennial  with 
stolons  and  rhizomes.  The  stolons,  which  are  firmly  pressed  onto  the 
soil  surface  have  short  internodes  and  root  freely  from  the  nodes 
which  also  develop  leaves  and  shoots.  Bogdan  (1977)  has  noted  that  it 
occurs  naturally  in  a wide  area  extending  from  the  southern  U.S.A. 
and  Mexico  to  Buenos  Aires  in  Argentina  and  to  the  West  Indies.  It 
has  been  introduced  to  other  tropical  and  subtropical  areas  of  the 
world  extending  through  Africa  and  Asia  to  as  far  east  as  southern 
Japan  and  Australia.  In  the  U.S.A.  it  is  widely  cultivated  in  the 
southern  states  and  more  especially  in  Florida,  where  extensive  re- 
search with  the  grass  has  been  conducted. 

The  grass  is  polymorphic  and  the  species  now  under  discussion, 

P.  notatum,  has  short  racemes  and  small  spikelets  2.5  to  3 mm  long. 
Leaves  are  short  and  narrow.  It  is  a tetraploid  apomict  with  chromo- 
some number  of  2n  = 40.  It  is  believed  to  have  originated  from  the 
tropical  and  subtropical  South  American  environments  of  Argentina, 
Brazil,  Bolivia,  and  some  West  Indian  islands.  The  material  from 
which  cv.  Pensacola  was  derived  was  found  near  Pensacola,  a town  in 
the  panhandle  of  the  state  of  Florida,  on  the  coast  of  the  Gulf  of 
Mexico,  where  it  is  believed  to  have  been  introduced  accidentally 
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from  Argentina  by  ships  importing  Argentinian  cattle  (Burton,  1967). 
Pensacola  is  the  best  cultivar  widely  grown  in  the  U.S.A  and 
introduced  elsewhere  (Bogdan,  1977).  It  provides  good  grazing  for 
a long  period  with  peak  growth  and  production  in  late  summer  and 
early  autumn.  Seed  is  commercially  available,  and  there  are  some 
350,000  seeds  kg"^ . 

Maximum  recorded  yields  have  come  from  Zimbabwe  (formerly 
Rhodesia)  where  Mills  et  al . (1973)  realized  20.7  Mg  DM  ha"^  from 
900  kg  applied  N ha'\  Yields  generally  depend  on  the  level  of  N; 
but  3 to  8 Mg  DM  ha  ^ are  not  uncommon  from  moderately  well  fertilized 
grass  grown  under  suitable  climatic  conditions  (Bogdan,  1977).  Animal 
production  is  reasonable,  and  in  Florida  liveweight  gains  of  670  kg  ha 
have  been  recorded  (Haines  et  al . , 1961). 

Bahiagrass  does  well  in  the  tropics  and  subtropics  with  moderate 
or  high  rainfall  but  it  can  also  tolerate  droughts  because  of  its 
long  roots  which  can  penetrate  deep  into  the  soil  (Bogdan,  1977). 
Temperature  requirements  for  normal  development  are  high  although  maxi- 
mum tillering  has  been  observed  at  20  to  25°C  (Kiwamura  and  Yamasaki, 
1972  cited  by  Bogdan,  1977).  It  withstands  cold  weather  better  than 
other  species  such  as  P.  dilatatum.  Bahiagrass  tolerates  some  degree 
of  frost  and  Jones  (1969)  in  Queensland,  Australia,  has  seen  it  survive 
temperatures  as  low  as  -10°C. 

The  grass  is  an  aggressive  species  and  when  fully  established 
leaves  little  room  for  the  development  of  legumes,  and  mixtures  with 
leguminous  plants  have  met  with  only  moderate  success.  However,  white 
clover  and  Lotononis  bainesii,  both  low  creeping  perennials,  increased 
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the  yields  of  total  herbage  and  the  content  of  crude  protein  of 
mixtures  compared  with  bahiagrass  grown  alone  (Bogdan,  1977;  Whiteman, 
1980).  Other  creeping  perennial  legumes  such  as  the  perennial  peanut 
(Arachis  glabrata  Benth.)  have  given  satisfactory  results  in  Florida 
(Prine,  1964).  In  those  areas  of  subtropical  U.S.A.,  where  bahia- 
grass is  dormant  due  to  suboptimal  or  freezing  temperatures  in  the 
autumn  and  winter,  cool -season  growing  legumes  have  shown  promise  with 
bahiagrass,  and  white  clover  has  shown  its  potential  in  this  respect 
(Donnelly  and  Hoveland,  1966). 

White  Clover 

White  clover  is  a diverse  species  exhibiting  many  different  forms 
with  varying  physiological  and  nutritional  adaptations  to  specific 
environments.  These  range  from  the  erect,  lax-leaved  "Ladino-type" 
plants  exhibiting  few,  but  large,  plant  parts,  to  the  very  prostrate 
"Kentish-type"  plants  with  many  small  organs  (Brougham  et  al . , 1978). 
These  morphological  differences  enable  the  species  to  adapt  to  a 
wide  range  of  habitats.  Populations  exist  that  will  withstand  severe 
winters,  hot  dry  summers,  extreme  grazing  pressure,  and  low  fertility 
soils. 

The  history  of  white  clover  in  the  U.S.A.  is  somewhat  obscure, 
but  it  was  reported  by  Carrier  and  Bort  (1966)  to  have  probably  been 
introduced  by  the  colonists  from  the  old  world  and  that  it  was  subse- 
quently well  established  in  the  Ohio  and  Kentucky  areas  (Leffel  and 
Gibson,  1978).  The  clovers  of  these  early  days  were  probably  the  wild, 
small,  prostrate  and  winter-hardy  types.  Records  of  the  large  white 
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clover  type,  Ladino,  were  first  made  by  the  North  Carolina  Station  in 
1891  (McCarthy  and  Emery,  1894).  After  the  initial  failures,  adapta- 
tion of  Ladino  white  clover  to  the  northeastern,  north  central,  and 
southeastern  U.S.A.  was  realized  about  the  1930s  (Ahlgren  and  Fuellman, 
1950). 

Daday  (1958)  has  presented  an  account  of  the  geographical  distri- 
bution of  white  clover  within  and  beyond  the  temperate  regions  of  the 
world.  The  genus  Tri folium  constitutes  annuals  and  perennials  of 
about  300  species  distributed  mainly  in  the  temperate  regions,  particu- 
larly in  the  Mediterranean  area.  The  species  T.  repens  is  found  from 
the  Arctic  circle  throughout  the  temperate  regions  of  the  world.  It 
is  found  in  subtropical  regions  such  as  Gulf  Coast  of  the  U.S.A.  and 
Queensland,  Australia.  It  has  been  tried  in  a number  of  other  tropical 
countries  with  various  success.  It  is  a creeping  perennial  species  in 
the  temperate  region  but  in  the  subtropics  it  may  grow  as  an  annual  or 
perennial  depending  upon  moisture  in  valleys  receiving  spring  and 
autumn  rainfall  (Whiteman,  1980).  It  rarely  grows  in  areas  receiving 
less  than  875  mm  in  the  subtropics  (Humphreys,  1974). 

Near  the  equator  the  species  is  found  at  altitudes  ranging  from 
1600  to  3000  m in  Colombia  and  mainly  as  a morphologically  similar 
white  clover,  T.  semipilosum  in  the  East  African  highlands  (Crowder, 
1960).  Tri folium  repens  appears  to  be  limited  geographically  only  by 
the  cold  of  the  Arctic,  the  drought  of  the  deserts  and  the  heat  and 
plant  competition  of  the  lowland  tropical  humid  forests  (Leffel  and 
Gibson,  1978). 
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The  agricultural  importance  of  white  clover,  other  than  that  of 
direct  consumption  by  livestock  comes  about  because  of  the  N-fixing 
ability  of  the  symbiotically  associated  Rhizobium  (Brougham  et  al . , 
1978).  The  fixed  N improves  the  nutritive  value  of  the  forage  and 
it  enhances  the  growth  of  the  companion  grass  in  mixed  grass-clover 
swards.  The  amount  of  symbiotically  derived,  harves table  N from  a 
pasture  system  varies  from  142  kg  ha  ^ year  ^ in  newly  established 
pasture  systems  to  45  kg  ha  ^ year  ^ in  oldest  established  pastures 
(Emeades  and  Goh,  1978).  As  much  as  680  kg  fixed  N ha  ^ on  an  annual 
basis  has  been  reported  in  New  Zealand  under  favorable  climatic  and 
management  situations.  Tropical  grasses-whi te  clover  pastures  have 
been  shown  to  fix  as  much  as  140  to  500  kg  N ha  ^ year  ^ (Dobson  and 
Beaty,  1980;  Curll,  1982).  The  variation  in  the  amount  of  N fixed 
depends  upon  the  density  of  clover  stand,  growth,  length,  and  charac- 
teristics of  the  grazing  season,  soil  fertility,  and  effectiveness  of 
inocul ation. 

Perennial  legumes  such  as  white  clover  are  generally  believed 
to  improve  the  energy,  N,  and  mineral  composition  of  seeded  grass 
pastures.  In  the  southern  states,  such  pastures  replace  ranges  for 
some  7 to  12  months  of  the  year  (Dobson  and  Beaty,  1980).  The 
amount  of  white  clover  grown  in  pasture  mixtures  has  varied  widely. 

In  the  late  1940s,  white  clover  attracted  considerable  research 
attention  as  did  legumes  in  general,  but  in  the  1950s  and  during 
most  of  the  1960s,  the  application  of  inorganic  N on  seeded  grass 
pastures  increased  and  consequently  interest  in  production  of  white 
clover  decreased.  As  interest  in  growing  cattle  in  the  southeastern 
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U.S.A.  later  increased,  production  of  white  clover  including  that 
produced  on  range  has  correspondingly  increased  (Dobson  and  Beaty, 
1980).  By  the  1970s,  interest  in  high  rate  N usage  on  pastures 
decreased  and  interest  in  including  white  clover  in  the  forage  mix 
was  renewed  considerably. 

White  clover  is  generally  considered  to  be  one  of  the  most 
nutritious  legumes  (Gibson  and  Hollowell,  1966;  Koger  et  al . , 1961). 

In  contrast  to  grass  forages,  variation  in  chemical  concentrations 
between  white  clover  samples  is  usually  small  (Wilkins  et  al . , 1958) 
and  is  considered  to  be  caused  by  white  clover  dehiscing  dead  leaves 
leaving  only  green  forage.  The  P,  Ca,  and  K concentrations  of  white 
clover  have  been  reported  to  exceed  0.35,  1.50,  and  1.50%,  respec- 
tively (Miller,  1958;  Stewart  and  Bear,  1951),  White  clover  generally 
produces  low  forage  yields  but  growing  it  with  a grass  prevents 
bloat  in  ruminants,  improves  forage  quality,  and  increases  yields 
(Daugherty,  1956). 


Grass-White  Clover  Associations 

Grass-clover  pastures  are  widely  known  as  the  basis  of  many  sheep 
and/or  cattle  enterprises  in  temperate,  subtropical,  and  high  altitude 
tropical  environments  of  the  world.  The  stimulus  to  superior  animal 
performance  afforded  by  the  inclusion  of  a clover  component  in  the 
grass  sward  has  been  documented  in  reviews  by  Reed  (1972),  Thomson 
(1977,  1978),  and  Curll  (1982).  The  complementary  use  of  N by  the 
grass  and  clover  components  and  their  seasonal  complementary  growth 
rhythms  in  these  environments  can  result  in  higher  forage  yields 


10 


(Harris,  1968;  Orr  and  Laidlaw,  1978;  Curll,  1982)  than  pure  stands 
of  either  component.  Grass-clover  swards  involving  mostly  temperate 
grasses  and  a few  tropical  grasses  have  been  shown  to  produce  as  much 
dry  matter  as  pure  grass  swards  receiving  between  140  and  300  kg 
inorganic  N ha~^  (Holmes  and  Aldrich,  1959;  Reid,  1972;  Dobson  and 
Beaty,  1977;  Morrison  et  al.,  1979). 

'•  The  benefits  of  grass-clover  mixtures  are  only  obtained  if  a 
suitably  stable  association  is  maintained  between  the  component 
species.  Harris  and  Thomas  (1973)  have  described  this  association 
as  a state  of  dynamic  equilibrium  in  which  there  is  no  permanent  or 
marked  dominance  of  one  component  or  suppression  of  the  other. 

Curll  (1982)  suggested  that  a clover  content  of  30  to  50%  throughout 
the  year  is  the  most  desirable  mixture.  However,  the  grass  and 
clover  contents  do  vary  considerably  in  grazing  situations  and  the 
clover  content  particularly,  may  be  as  low  as  zero  at  certain  times 
of  the  year  in  the  more  humid  tropical  environments.  Jones  (1982) 
considers  that  total  forage  yields  on  offer,  in  mixed  swards,  in 
excess  of  3000  kg  ha  ^ could  depress  both  stolon  survival  and  seedling 
regeneration.  This  is  the  reason  why  in  coastal  subtropical  Australia 
the  recommendation  that  the  mixed  pastures  be  well  grazed  throughout 
the  year,  has  been  widely  accepted.  This  management  usually  favors 
both  stolon  survival  over  summer  and  seedling  regeneration  in  winter. 
However,  under  heavy  grazing  there  is  a risk  of  causing  an  unfavorable 
shift  in  the  composition  of  the  associated  species  of  grass.  Also, 
clover  survival  during  dry  summer  conditions  may  be  poorer  following 
greater  soil  moisture  stress  in  closely  grazed  pastures  (Jones,  1982). 
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Effect  of  Grazing 

In  grazing  situations,  there  is  treading  and  return  of  excreta 
as  well  as  defoliation.  Simulations  of  the  effects  of  defoliation 
on  botanical  composition  by  cutting  have  been  made  world-wide,  but 
these  attempts  have  been  largely  unsuccessful  because  cutting  precludes 
the  selective  and  non-uniform  aspects  of  grazing.  It  is  not  uncommon 
that  defoliation  by  grazing  animals  cannot  be  separated  from  treading 
and  excreta  return.  The  composite  process  of  grazing  must,  therefore, 
be  used  to  describe  the  effects  of  its  defoliation  component  especially 
in  terms  of  frequency  (determined  usually  by  height  at  grazing  or  by 
date  or  time),  intensity  (determined  by  height  of  stubble),  or 
management  (rotational  or  continuous  grazing,  with  or  without  fertili- 
zation). 

The  grass  component  in  grass-clover  mixtures  is  commonly  shown  to 
be  favored  by  lenient  or  infrequent  grazing  while  frequent  close  or 
hard  grazing  favors  the  growth  of  clover  (Brougham,  1959,  1960). 

Where  clover  is  unable  to  raise  its  leaf  canopy,  lenient  grazing 
reduces  the  light  intensity  at  the  clover  canopy  level,  thereby 
reducing  clover  growth  and  clover  plant  numbers  (Stern  and  Donald, 
1962).  In  contrast,  increased  light  penetration  caused  by  close 
grazing  management  can  lead  to  the  initiation  of  new  stolons,  increase 
the  number  of  small  leaves  and  where  the  terminal  bud  is  removed, 
cause  prolific  branching  of  the  stolons  (Curll,  1982).  All  these 
are  morphological  adaptations  to  help  withstand  defoliation. 

The  effect  of  grazing  regimes  on  the  grass-clover  swards  can 
vary  considerably  with  grass  species  or  cultivar  used.  For  instance. 
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Brougham  (1959,  1960)  used  the  hybrid  ryegrass  (Lolium  perenne  x 
L.  multi florum)  which  is  less  persistent  during  summer  and  less 
tolerant  of  hard  grazing  than  perennial  ryegrass  (L.  perenne). 

Wolton  et  al . (1970)  like  many  others  earlier,  found  that  perennial 
ryegrass  persisted  or  increased  under  hard  grazing  compared  to 
lenient  grazing  and  contrary  to  Brougham's  (1959,  1960)  findings, 
they  reported  that  the  content  of  white  clover  decreased  with  hard 
grazing. 

If  either  grass  or  clover  is  preferred  in  the  mixture  and  is 
selectively  defoliated,  its  abundance  relative  to  the  other  component 
species  may  be  reduced.  Variation  in  sward  structure  and  the  distri- 
bution of  species  within  the  sward  canopy  have  been  suggested  as 
likely  to  influence  the  opportunity  for  preferential  species  selec- 
tion (Harris  and  Thomas,  1973).  The  erect  growth  habit  of  some  grass 
components  in  grass-clover  associations,  for  example  Nui  ryegrass, 
produces  a more  open  pasture  with  larger  interplant  spaces  compared 
with  the  uniform  density  of  a Ruanui  ryegrass.  As  a consequence, 
clover  stolons  are  more  vulnerable  to  selective  grazing  in  Nui  than 
in  Ruanui  ryegrass-white  clover  pastures,  where  stolons  have  some 
protection  from  the  associated  grass  (Harris  et  al.,  1977;  Widdup 
and  Turner,  1983) . 

Curll  and  Wilkins  (1983)  found  than  when  clover  was  preferred, 
its  selective  defoliation  at  high  stocking  rates,  contributed  to  a 
substantial  reduction  in  the  clover  content  in  perennial  ryegrass- 
white  clover  swards.  At  lower  stocking  rates,  on  the  other  hand, 
selective  defoliation  appeared  to  be  matched  with  clover  regeneration. 
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Clover  was  better  able  to  survive  selective  defoliation  by  developing 
a prostrate,  small-leaved, short-petioled  stature  in  the  swards  where 
the  grass  canopy  was  not  high  enough  to  shade  it. 

The  importance  of  the  defoliation  process  on  the  effect  that 
differences  in  stocking  rate  have  on  grass-clover  swards  was  demon- 
strated by  Curll  and  Wilkins  (1981).  They  separated  the  effect  of 
defoliation  on  perennial  ryegrass-clover  swards  from  the  effect  of 
treading  and  excreta  return  by  using  "graze  through  cages"  (Smith 
et  al . , 1971).  Where  swards  were  defoliated  only,  the  weight  of 
clover  on  offer  increased  by  65%  during  the  grazing  season  when 
stocked  at  25  yearling  sheep  ha~\  but  decreased  by  85%  when  stocked 
at  two  times  that  rate.  Differences  in  defoliation  between  stocking 
rates  have  a greater  influence  on  clover  survival  than  either  treading 
or  return  of  excreta. 

Effect  of  Treading 

In  mixed  grass-clover  pastures,  grasses  are  generally  more 
tolerant  of  treading  than  clovers  (Brown  and  Evans,  1973;  Edmond, 
1964).  Difference  in  species  tolerance  has  been  related  to  the 
quantity  of  sclerenchyma  tissue  in  plant  parts  and  to  the  extent 
that  more  susceptible  parts  of  the  plant,  i.e.,  growing  points, 
leaf  buds  and  surface  roots,  are  exposed  to  damage  by  the  hoof 
(Brown  and  Hoveland,  1972).  Treading  damage  to  plant  parts  and 
compaction  of  the  soil  by  treading  have  been  shown  to  reduce  plant 
growth  and  persistence  (Akiyama  and  Kubo,  1978;  Wiersum,  1979). 
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The  stoloniferous  growth  habit  of  clover  has  been  suggested  as  a 
reason  for  its  greater  susceptibility  to  treading  damage  compared  to 
grass  (Swetham,  1973).  The  ability  to  maintain  its  plant  population 
under  treading  is  related  to  its  potential  for  establishing  new 
clover  plants  at  each  node  and  its  ability  to  increase  the  density 
of  these  nodes  per  unit  length  of  stolon  (Swetham,  1973).  Clover's 
tolerance  to  treading  is  greater  when  grown  in  association  with 
grasses  than  in  monocultures.  This  is  presumably  because  the  grass 
protects  the  clover  from  treading  damage  thereby  increasing  its 
relative  competitive  ability  in  these  pasture  situations. 

Seasonal  Persistence  of  White  Clover 

In  temperate  environments,  white  clover  acts  more  as  a perennial 
plant,  but  in  tropical  and  subtropical  areas  as  exist  in  southeastern 
Australia,  southeastern  U.S.A.,  and  high  elevation  areas  in  the 
tropics  it  behaves  more  as  a winter  annual  (Hollowell,  1966).  Several 
mechanisms  account  for  its  persistence  from  season  to  season.  Fore- 
most of  these  are  (a)  seedling  regeneration  from  soil  seed  reserves 
and/or  (b)  the  ability  to  survive  as  individual  plants.  The  ability 
to  persist  is  dependent  upon  recurrent  droughts  and  other  environmental 
factors  which  impose  severe  limitations  (O'Brien,  1970). 

The  survival  and  population  dynamics  of  white  clover  in  associa- 
tion with  a typical  tropical  forage/pasture  grass  have  scarcely  been 
explored.  There  have  been  disjointed  reports  concerning  the  survival 
of  the  primary  taproots  in  the  temperate  areas  of  the  U.S.A. 
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(Westbrooks  and  Tesar,  1955),  seedling  regeneration  in  subtropical 
U.S.A.  (Blaser  and  Killinger,  1950),  and  the  quantity  of  white  clover 
soil  seed  reserves  of  pastures  in  the  U.K.  (Milton,  1943)  and  New 
Zealand  (Hyde  and  Suckling,  1953).  Recently, work  from  southeastern 
Australia  environment  (Jones,  1980,  1982)  has  indicated  wide  seasonal 
fluctuations  in  the  frequency  of  white  clover,  characterized  by  a 
decline  over  summer  and  early  autumn  followed  by  an  increase  over 
winter  peaking  up  in  the  spring.  It  has  been  shown  in  this  Australian 
work  that  the  presence  of  white  clover  is  more  affected  by  site  and 
climatic  conditions.  The  increase  in  the  cooler  months  is  due  both 
to  growth  of  surviving  stolons  and  the  regeneration  from  seed.  There 
appears  to  be  a substantial  increase  in  yield  of  white  clover  corres- 
ponding with  improved  stolon  persistence  over  summer,  as  plants 
arising  from  seedling  regeneration  in  winter  only  initiate  stolons 
in  spring  (Jones,  1980).  It  appears  that  selection  pressure  for 
improved  stolon  persistence  over  summer  would  result  in  a competitive 
advantage  the  following  winter-spring  season. 

Further  work  on  the  survival  of  white  clover  has  been  reported 
from  New  Zealand  (Hay,  1983).  It  has  been  shown  that  there  is  a 
large  proportion  of  stolons  buried  at  all  times  of  the  year  and  more 
especially  in  the  late  autumn-early  spring  period.  This  burial  of 
stolons  is  primarily  by  worm  casts  and  it  is  an  annual  event.  For 
white  clover  stolons  to  persist  from  year  to  year,  it  appears  crucial 
that  they  have  the  ability  to  establish  growing  points  on  the  soil 
surface.  This  is  achieved  partially  by  the  buried  primary  stolons 
initiating  branch  stolons  that  are  capable  of  growing  vertically 
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through  the  soil  to  the  soil  surface  and  by  redirection  of  stolon 
apices  to  the  soil  surface.  The  importance  of  continuity  of  stolons, 
in  this  respect,  has  been  reported  by  Turkington  et  al . (1979).  Its 
role  in  aiding  stolon  persistence  varies  considerably  with  genotype 
and  environmental  factors  such  as  moisture  (Brougham  et  al.,  1978). 

Spring  white  clover  growth  was  reported  to  be  significantly 
correlated  with  soil  moisture  and  temperature  (Crowder  and  Craigmiles, 
1960).  Without  irrigation, clover  growth  is  related  to  residual  soil 
moisture  during  the  spring,  and  the  proportion  of  white  clover  in  the 
sward  was  found  to  be  strongly  dependent  upon  rainfall  in  subtropical 
Australia.  Here,  the  effect  of  rainfall  was  more  important  on  white 
clover  survival  than  either  stocking  rate  or  P fertilization  (Robinson, 
1973;  Hutchinson,  1970). 

High  temperatures  have  been  reported  to  reduce  white  clover  growth 
regardless  of  moisture.  Decreased  growth  at  elevated  temperature  is 
primarily  ascribed  to  increased  respiration  (McWilliams,  1978). 

Clearly  temperature  also  influences  several  aspects  of  morphology. 

High  temperature  tends  to  increase  the  rate  of  leaf  appearance  and 
leaf  area  expansion,  whereas  cold  temperature,  on  the  other  hand, 
favors  the  development  of  laterals  (Mitchell,  1956;  Alberda,  1957). 

In  Tri folium  subterraneum,  it  has  been  particularly  demonstrated 
that  maximum  yield  of  swards  grown  over  a range  of  temperature 
(15-30°C)  was  inversely  correlated  with  temperature  (McWilliams,  1978). 

The  optimum  temperature  for  the  growth  of  roots  tends  to  be 
lower  than  that  for  shoot  growth  (McWilliams,  1978).  White  clover 
shows  maximum  root  weight  at  temperatures  of  about  7.5°C  below  the 
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optimum  soil  temperature  for  shoot  growth  (Davidson,  1969).  This 
means  that  in  the  early  spring  root  growth  is  more  active  and  competes 
more  effectively  for  available  carbohydrates  and  stored  reserve  carbo- 
hydrates. As  the  season  progresses,  soil  temperatures  become  more 
favorable  for  growth  of  the  shoots  and  their  growth  accelerates  at 
the  expense  of  roots.  High  soil  temperatures  may  be  lethal  if  sus- 
tained over  long  periods  during  the  warm  humid  conditions  of  the 
summer  months  in  the  subtropics  and  tropics. 

In  Florida,  white  clover  has  been  commonly  reported  to  have 
occasionally  a winter  and  spring  annual  growth  as  well  as  a perennial 
growth.  Classical  studies  by  Blaser  and  Killinger  (1950)  indicated 
the  effects  that  temperature  and  sod  management  have  on  seedling 
recruitment  from  volunteer  white  clover.  Poor  and  variable  germina- 
tion was  recorded  at  temperatures  above  21. 6° C.  Close  clipping  of 
the  sward  or  burning  resulted  in  lower  minimum  soil  temperatures 
than  under  a tall  canopy.  They  concluded  that  close-grazing  in  late 
summer  or  early  fall  would  enhance  the  germination  of  clover  soil  seed 
reserves,  an  important  factor  for  persistence  from  season  to  season 
as  we  have  seen  above. 

Kalmbacher  et  al . (1980)  reported  that  clover  stolons  did  not 
persist  through  the  summer  and  fall  to  the  extent  of  providing  ade- 
quate amounts  of  forage  the  following  year.  When  they  compared  three 
legumes,  alfalfa  (Medicago  sativa  L.),  red  clover  (Tri folium  pratense 
L.),  and  'Tillman'  Ladino  white  clover,  they  found  that  although  both 
alfalfa  and  red  clover  established  more  readily,  these  two  legumes 
were  the  first  to  die  out  in  the  hot  humid  environment.  In  terms  of 
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seedling  density  (seedling  m ) and  forage  dry  matter  yield,  Ladino 
white  clover  was  lowest  after  alfalfa  and  red  clover,  respectively. 

Good  clover  populations  throughout  the  summer  have  been  reported  by 
Kretschmer  (1958)  only  where  adequate  lime  and  P applications  were 
made.  In  associated  swards  of  bahiagrass-whi te  clover,  proper  legume 
seeding  occurred  only  when  the  bahiagrass  canopy  was  removed  before 
November. 

Furthermore,  Kalmbacher  et  al . (1979)  found  that  in  bahiagrass- 
white  clover  mixed  swards,  snail  (Polygyra  cereolus  Muhlfeld)  attack 
was  contributing  more  significantly  to  clover  losses  than  in  mixtures 
involving  red  clover  and  alfalfa.  When  the  bahiagrass  sod  was  burnt 
following  desiccation  with  a herbicide  there  was  a 98%  mortality  rate 
for  P.  cereolus  in  the  pasture  and  a better  clover  seedling  survival 
rate.  Seedling  regeneration  ability  of  clovers  in  central  and  northern 
Florida  was  studied  by  Hodges  et  al . (1953)  and  Kil linger  (1970).  It 
was  found  that  the  Florida  synthetic  type  of  white  clover  was  higher 
yielding  and  more  persistent  and  reseeded  more  satisfactorily  than 
either  Ladino,  Louisiana  SI  and  'Noli ns'  improved  white  clovers. 

Several  studies  have  been  conducted  to  date  at  the  University  of 
Florida.  A comparison  of  companion  grasses  with  white  clover  by  Koger 
et  al . (1961)  found  that  bahiagrass  appeared  to  encourage  better  clover 
stands  than  did  pangolagrass  (Digitaria  decumbens  Stent)  and  'Coastal' 
bermudagrass  (Cynodon  dactyl  on  L.).  A subsequent  study  of  beef  produc- 
tion potential  of  grass-clover  associations  by  Koger  et  al . (1970) 
also  established  that  while  forage  yields  of  pure  pastures  were  similar 
to  those  of  the  best  grass-clover  pastures,  beef  production  from  pure 
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grass  pastures  was  more  costly  due  to  N fertilization  and  supplemental 
feeding.  Management  studies  showed  that  grass-clover  systems  produced 
consistently  more  forage  than  those  under  a renovation  program  or 
under  irrigation  (Killinger,  1977).  Koger  (1977)  concluded  that 
white  clover  thrived  better  under  grazing  than  when  cut.  He  further 
noted  that  fertilizer  requirements  for  clover  pastures  under  grazing 
management  were  less  than  usually  recommended  and  that  reproductive 
performance  of  beef  cattle  improved  when  clover  was  included  in  the 
pasture.  In  Florida,  while  several  legumes  are  available  for  a variety 
of  soils  in  the  state,  especially  when  moisture  is  adequate,  only 
white  clover  in  combination  with  Pensacola  bahiagrass  has  performed 
very  successfully  under  consistent  management  on  poorly  drained  Spodo- 
sols  in  the  north  central  peninsular  Florida  (Blue,  1979). 

Growth  in  White  Clover 

The  patterns  of  seasonal  growth  in  white  clover  have  been  studied 
by  Beinhart  (1963).  In  field  studies,  selected  stolons  on  plants  of 
several  clones  were  observed  from  March  through  to  September.  The 
stolon  was  chosen  as  a unit  for  study  of  growth  because  it  possesses 
certain  advantages  over  entire  plants.  It  is  easily  observed  and  its 
development  can  be  monitored,  measured  and  described  as  a chronological 
sequence  of  specific  events  (Beinhart  et  al . , 1963).  It  was  observed 
that  rapid  growth  commences  in  late  March  when  the  primary  stolons 
radiate  outwards  from  the  plant  center.  For  a period  of  4 to  6 weeks 
these  primary  stolons  account  for  nearly  all  the  leaf  area  produced. 
Following  this,  secondary  stolons  emerge  from  the  primaries  at  a 
rapid  rate  from  mid-April  through  to  May.  Throughout  the  summer 
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branching  of  primary  nodes  produced  in  April  and  May-June  period 
is  low  and  most  of  the  leaf  area  at  this  time  comes  from  the  April- 
May  branches. 

The  last  phase  of  development  occurs  in  September,  during  which 
time  tertiary  meris terns  become  active  and  contribute  a large  portion 
of  the  total  leaf  area  harvested  at  the  end  of  September.  The  dominant 
portion  of  foliage  subsequently  is  produced  by  tertiary  meri stems 
arrayed  in  relative  profusion  along  many  secondary  stolons.  Spring 
and  autumn  (fall)  growth  is,  therefore,  characterized  by  active 
branching  and  there  are  periods  in  which  the  total  number  of  active 
meri stems  greatly  increase.  By  contrast  branching  is  reduced  to  a 
low  level  during  the  summer.  Haplin  et  al . (1963)  have  noted  that 
the  summer  is  the  period  in  which  diseases  are  most  destructive;  the 
number  of  active  meristems  diminishes  and  leaf  areas  are  reduced 
correspondingly.  The  key  to  increased  summer  persistence  appears  to 
be  increased  summer  branching  ability.  Nevertheless,  it  has  been 
established  by  Beinhart  (1963)  that  carbohydrate  reserves  are  never 
a limiting  factor  to  summer  branching.  It  has  also  been  observed  that 
prolific  spring  flowering  is  inversely  correlated  with  persistence  by 
limiting  the  number  of  active  vegetative  meristems  present  in  summer 
similar  to  the  effect  of  adverse  temperatures  and  light  intensities. 
Flowers  as  well  as  branches  arise  in  leaf  axils.  Because  a single 
node  may  only  give  rise  to  either  a flower  or  a vegetative  branch, 
each  flower  produced  precludes  one  potential  vegetative  branch.  White 
clover  flower  heads  are  produced  on  peduncles  that  are  longer  than 
leaf  petioles.  The  inflorescence  is  usually  round  with  an  average  of 
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75  individual  flowers.  The  white  color  of  the  corolla  is  responsible 
for  the  common  name,  white  clover,  of  the  species.  The  fruit  is  a 
membranous  pod  with  three  or  four  seeds.  Flowers  usually  open  in  a 
progressive  pattern  from  bottom  to  top  for  a period  that  may  be  as 
long  as  1 week.  After  fertilization,  usually  through  the  pollination 
help  of  insects  such  as  bees,  seeds  mature  in  3 to  4 weeks;  the  pro- 
cess is  accelerated  by  high  temperature  (Gibson  and  Hollowell,  1966). 

Regrowth  in  Forage  Legumes 

In  forage  legumes,  regrowth  potential  is  an  added  advantage  for 
persistence  after  defoliation  and/or  grazing.  It  is  mediated  in  the 
shoot  apex  which  remains  vegetative  whereas  axillary  buds  develop  an 
inflorescence.  The  primary  source  of  energy  for  regrowth  is  the 
nutrient  reserves  in  the  plant,  translocated  from  storage  organs  to 
the  growing  sink  or  from  photosynthesizing  tissues  remaining  from 
defoliation  (Smith,  1981;  Blaser  et  al . , 1966).  A good  correlation 
exists  between  forage  yield  and  persistence  on  the  one  hand  and 
vigorous  regrowth  on  the  other.  The  amount  and  type  of  non-structural 
carbohydrates,  number  of  growing  points  and  residual  leaf  area  after 
the  defoliation  treatment  will  influence  regrowth  (Weinmann,  1961; 

Smith,  1981;  Graber,  1931;  Booysen  et  al . , 1963;  Jewess,  1972;  Kretsch- 
mer, 1976;  Valle,  1977;  Andrade,  1979;  Saldivar-Fitzmaurice,  1983). 

The  Role  of  Non  Structural  Carbohydrates  and  Crude  Protein 

Stored  organic  compounds,  such  as  carbohydrates,  fat,  and  proteins, 
serve  as  food  reserves  for  plants  at  times  when  photosynthesis  cannot 
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supply  sufficiently  for  maintenance  and  growth  (Trlica,  1977; 

White,  1973;  Weinmann,  1961;  Smith,  1981).  These  reserves  provide 
a source  of  energy  and  a source  of  molecules  for  growth  when  plants 
are  completely  defoliated,  but  a definite  role  in  regrowth  of  partially 
defoliated  plants  has  not  been  proven  (May,  1960;  Jameson,  1964).  In 
addition  to  a role  of  reserves  in  regrowth  of  completely  defoliated 
plants,  reserves  are  utilized  by  perennials  during  the  winter  (Menke 
and  Trlica,  1981 ). 

Root  reserves  typically  decrease  following  harvest  of  aerial 
growth  and  this  decrease  may  imply  a role  for  reserves  in  regrowth. 
Whether  or  not  used  for  regrowth  directly,  reserve  level  may  serve 
as  a measure  of  plant  vigor  following  grazing  (Trlica,  1977;  Daer  and 
Willard,  1981). 

Plants  in  general  can  be  classified  on  the  basis  of  the  type  of 
non-structural  carbohydrates  that  are  accumulated;  whether  starch  or 
fructosan  accumulators  (Smith,  1968).  They  may  also  be  classified  on 
the  basis  of  the  type  of  structural  carbohydrate;  xylose  is  the 
predominant  structural  carbohydrate  in  fructosan  containing  plants 
while  glucose  is  predominant  in  starch  containing  plants  (Ojima  and 
Isawa,  1968). 

Fructosan  is  the  predominant  non-structural  polysaccharide  in 
the  herbage  of  temperate  origin  grasses  and  is  water  soluble  as  is 
amylose  starch  (especially  in  hot  water).  The  predominant  non- 
structural  carbohydrate  in  the  herbage  of  grasses  of  tropical  origin 
is  sucrose  with  readily  soluble  starch  (Wilson  and  Ford,  1973).  In 
contrast,  starch  that  accumulates  in  the  herbage  of  legumes  and  tropi- 
cal origin  forage  grasses  is  largely  water  insoluble. 
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Numerous  comprehensive  reviews  have  been  written  on  the  carbo- 
hydrate reserves  of  plants  in  relation  to  phonological  development, 
vigor,  production,  and  defoliation  (Cook,  1966;  White,  1973;  May, 

1960;  Weinmann,  1961;  Trlica  and  Singh,  1979).  The  accumulation  of 
total  non-structural  carbohydrate  (TNC)  in  undisturbed  plants  shows 
a strong  seasonal  trend  in  most  species.  It  generally  increases  in 
summer  and  late  fall.  During  winter  months  it  declines  followed  by  a 
further  decline  as  a result  of  spring  flush  growth.  Crown- tissue 
crude  protein  is  high  early  in  the  spring,  reaches  a minimum  in  late 
spring  and  then  increases  moderately  in  the  fall  (Stout  et  al . , 1983). 

Close  and  frequent  defoliation  of  clover  significantly  reduces 
the  carbohydrate  content  of  stolons  and  roots.  Blaser  et  al . (1966) 
and  Hojjati  et  al . (1968)  have  reported  that  the  concentration  of 
TNC  in  storage  organs  such  as  roots,  crowns,  or  stolons  can  be  reduced 
considerably  by  N fertilizer  because  more  assimilates  are  utilized  in 
shoot  growth,  leaving  relatively  less  to  be  channelled  to  the  storage 
organs.  Moderate  shading  as  occurs  from  competitive  companion  grasses 
also  decreases  the  concentration  of  TNC  (Burton  et  al . , 1959). 

Seedling  Recruitment 

Study  of  the  dynamics  of  survival  in  grazed  tropical  pasture 
systems  basically  hinges  upon  population  dynamics  of  the  constituent 
species.  It  is  concerned  with  the  recruitment  and  death  of  plants; 
density  being  the  accumulated  net  result  of  these  processes  (Harper, 
1977;  Jones  and  Mott,  1980).  Agronomists  often  consider  pastures  as 
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botanically  stable  or  unstable.  Stability  is  assessed  in  terms  of 
frequency  of  appearance  and  fluctuations  in  botanical  composition. 

In  mixed  swards, the  constant  turnover  of  individual  plants  enables 
an  agronomic  definition  of  one  important  aspect  of  good  pasture 
management  as  that  which  aids  the  recruitment  and  persistence  of  the 
desired  species.  In  contrast, Gardener  (1982)  has  defined  poor  manage- 
ment as  one  that  hastens  the  death  and  population  erosion  of  preferred 
species  and/or  aids  their  replacement  by  inferior  species.  A success- 
ful tropical  or  subtropical  pasture  legume  must  be  able  to  withstand 
severe  interplant  competitive  stress  in  some  situations  and  severe 
defoliation  in  others.  There  is  a wealth  of  published  information 
indicating  that  variation  in  grazing  intensity  can  affect  legume 
longevity  (Leach,  1978),  seedset  (Taylor  and  Rossiter,  1974;  Jones 
and  Jones,  1978),  and  hence  recruitment  potential. 

The  diversity  of  views  on  the  "annual"  or  "perennial"  nature  of 
white  clover  stands  has  been  discussed  by  Hollowell  (1966).  It  is 
generally  accepted  that  clover  basically  persists  as  a perennial  in 
temperate  areas  such  as  Wales  in  the  U.K.  (Turkington  et  al . , 1979) 
and  as  an  annual  in  subtropical  areas  such  as  southern  Florida  (Blaser 
and  Killinger,  1950).  However,  there  are  large  differences  between 
years  in  the  perennation  of  clover  over  summer.  Survival  is  poorer 
on  dry  sites  in  very  dry  years,  but  other  factors  such  as  rotting 
of  stolons  and  roots  infected  by  Pythium  middletonii  are  involved 
(Irwin  and  Jones,  1977).  Infection  by  nematodes  could  also  be  a 
contributing  factor.  In  Florida,  Jones  (1982),  quoting  A.  E. 

Kretschmer, reported  that  flooding  could  also  cause  white  clover  death 


over  summer. 
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Seedling  recruitment  is  a function  of  clover  seed  content  in  the 
soil  (Jones  and  Evans,  1977;  Jones,  1982).  Soil  seed  content,  however, 
varies  from  site  to  site  depending  upon  moisture  conditions.  It  is 
generally  higher  on  moist  sites.  In  addition  to  withstanding  effects 
of  grazing  and  other  forms  of  environmental  stress,  a persistent  legume 
species  must  be  able  to  regenerate  vegetatively  or  by  seed.  It  has 
been  shown  in  subtropical  Australia  that  reserves  of  white  clover  seed 
in  the  top  10  cm  of  soil  beneath  good  legume  stands  could  be  as  high  as 
1300  to  6000  seeds  m~^  (Jones  and  Evans,  1977;  Jones,  1980,  1982).  No 
seed  was  found  beneath  stands  from  which  the  legume  had  been  eliminated 
by  overgrazing.  Furthermore,  while  a systematic  quantification  of 
seedling  survival  dynamics  in  established  pastures  is  little  known, 
the  report  from  subtropical  Australia  has  clearly  shown  that  during 
the  initial  stages  of  establishment,  seedlings  are  susceptible  to 
competition.  If  a pasture  is  grazed  lightly  enough  to  allow  seeding, 
the  same  pasture  may  severely  limit  survival  of  new  seedlings  unless 
special  management  procedures  are  adopted  (Sproule  et  al . , 1983). 

Grazed  pastures  provide  the  cheapest  source  of  feed  for  ruminants, 
during  much  of  the  year  in  most  parts  of  the  world,  and  are  harvested 
by  the  grazing  animal  without  large  costs  in  non-renewable  resources. 

It  is  imperative,  therefore,  that  management  of  pastures  be  improved 
to  increase  the  economy  of  plant  production  and  the  efficiency  of 
pasture  use  and  improving  the  standards  of  human  nutrition  and 
welfare.  In  modern  husbandry,  livestock  practices  have  largely 
removed  regulation  of  the  size  of  domestic  herbivore  populations  from 
control  by  natural  means.  It  is  not  uncommon  that  livestock  numbers 
exert  a powerful  influence  on  the  vegetation  of  intensively  managed 


26 


pastures.  In  improved  pastures  containing  both  grasses  and  legumes 
the  influence  of  frequency  and  intensity  (grazing  pressure)  shows  its 
maximum  complexity.  This  is  because  the  reactions  of  the  grass  and 
legume  to  defoliation  differ  markedly.  A particular  grazing  manage- 
ment, in  such  associations  can  often  give  one  or  the  other  species  a 
competitive  advantage  so  that  in  time  it  dominates  the  sward. 

Vegetational  changes  in  pastures  occur  as  a result  of  the  action 
of  several  possible  mechanisms  (Kydd,1966).  Plants  may  possess 
attributes  such  as  low  palatability  or  accessibility  which  prevent 
removal  by  grazing.  Animals  differ  in  their  individual  grazing  be- 
havior with  some  species  or  individuals  exercising  greater  dietary 
selection  than  others.  Botanical  composition  of  mixed  pastures  can 
be  influenced  by  the  level  or  spatial  distribution  of  plant  nutrients 
(Wolfe  and  Lazenby,  1973a,  b).  Finally,  climate  and  the  physical 
environment  exert  powerful  direct  and  interactive  effects  with  the 
other  three  above. 

Pasture  Management  and  Survival 

It  is  generally  accepted  that  the  rates  of  survival  and  recruit- 
ment of  species  can  be  drastically  altered  by  pasture  management. 

For  instance,  grazing  pressure  has  been  reported  to  affect  plant 
longevity  (Jones  and  Mott,  1980).  The  survival  of  a species  such 
as  Siratro  (Macropti 1 i urn  atropurpureum)  plants  is  much  poorer  in 
heavily  grazed  than  lightly  grazed  Siratro-Nandi  setaria  (Setaria 
sphacelata)  pastures.  On  the  other  hand,  the  dynamics  of  Danthonia 
caespitosa  pasture  was  unaffected  by  grazing  or  no  grazing  (Williams, 
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1970).  Longevity  of  Lucerne  (Medicaqo  sativa)  too  is  affected  by 
grazing  systems  as  much  as  it  is  by  grazing  pressure  (Leach,  1978). 

Grazing  management  primarily  affects  seed  set,  seedling  regen- 
eration, and  vegetative  propagation.  In  Siratro,  for  instance, 
flowering  and  seed  set  are  linearly  related  to  yield  at  flowering 
time  (Jones  and  Jones,  1978)  and  seed  set  is  favored  by  light  grazing. 
On  the  contrary,  in  Townsville  stylo  (Stylosanthes  humilis)  pasture, 
legume  seed  set  is  favored  by  heavy  grazing.  Direct  grazing  of  the 
seed  heads  in  some  clovers  (Tri folium  hirtum  and  T.  subterraneum)  can 
also  affect  botanical  shifts  to  the  disadvantage  of  the  legume  species 
(Taylor  and  Rossi  ter,  1974).  Seedling  regeneration  also  is  reported 
to  respond  to  grazing  management.  With  both  white  clover  (T.  repens) 
and  Kenya  white  clover  (T.  semipilosum)  seedling  emergence  is  reported 
highest  in  well-grazed  areas  (Jones,  1982).  Grazing  pressure  in- 
fluences seedling  survival  also.  Siratro  seedling  survival  is 
reportedly  very  poor  at  light  stocking  rates  (Jones  and  Mott,  1980). 

Fertilization  as  a management  factor  can  also  have  a profound 
influence  on  botanical  compositions  of  pastures  (Bryan  and  Evans, 
1973).  Where  nutrient  deficiencies  are  extreme,  survival  will  be 
enhanced  by  fertilizer  dressings.  Johansen  et  al . (1977)  have  re- 
ported that  the  persistence  of  Neonotonia  wightii  is  limited  by  Mb 
deficiency. 


Role  of  Soil  Nutrition 

Effectively  nodulated  legumes  in  monoculture  may  not  respond 
to  N fertilization  (Lee  and  Smith,  1972),  although  there  have  been 
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instances  of  positive  response  in  well -nodulated  T.  repens  and  T. 
subterraneum  (Helyar  and  Anderson,  1970).  Excessive  N supply  can 
reduce  plant  growth,  and  the  species  least  responsive  to  N at  lower 
levels  of  N supply  show  the  greatest  sensitivity  to  N toxicity 
(Wilson  and  Haydock,  1971).  High  N levels  can  impair  the  legume- 
Rhizobium  symbiosis  (Dart  and  Wildon,  1970).  Excess  NH^  within  the 
plant  can  have  specific  effects  but  sometimes  the  toxicity  may  arise 
from  secondary  effects  such  as  salt  damage  or  induced  pH  changes 
inside  and  outside  the  root  (Russell,  1973). 

In  white  clover-based  pasture  systems,  the  legume  in  the  associa- 
tion is  a poor  competitor  for  P (Jackman  and  Mouat,  1970),  S (Walker 
and  Adams,  1958),  and  N (Walker  et  al . , 1956).  The  poor  competitive 
ability  of  white  clover  for  nutrients  normally  limits  plant  growth. 

It  is  related  to  root  characteristics  such  as  root  cation  exchange 
capacity  and/or  root  morphology.  Recent  studies  (Brougham  et  al . , 

1978)  have  shown  that  white  clover  in  association  with  grasses  develops 
thicker  roots,  shorter  root  hairs,  and  lower  frequency  of  root  hairs 
than  the  companion  grasses.  These  characteristics  place  the  legume 
at  a competitive  disadvantage  to  explore  effectively  the  soil  volume 
and  act  to  its  detriment  in  obtaining  scarce  supplies  of  nutrients, 
such  as  P,  that  do  not  diffuse  readily. 

Role  of  Diseases  and  Pests 

Leffel  and  Gibson  (1978)  have  discussed  the  diseases  and  pests 
of  white  clover.  Amongst  the  diseases  of  importance  are  stolon  and 
root  rots  which  are  known  to  seriously  deplete  stands  of  white  clover. 
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Notably,  species  of  Fusarium,  Rhizoctonia,  Collectotrichum,  Lepto- 
discus  and  Curvularia  are  involved  as  part  of  the  stolon  and  root 
rot  complex  that  involves  environmental  conditions.  It  has  been 
noted  by  Menzies  (1973)  that  these  rots,  although  extremely  common, 
frequently  do  not  become  effectively  pathogenic  unless  the  clover  is 
exposed  to  severe  stress  such  as  summer  drought.  Sclerotium  rolfsii 
Sacc.  may  be  prevalent  in  the  south  during  the  hot  humid  periods. 

S.  trifoliorum  Eriks  occurs  mostly  in  the  northern  areas  under  snow 
or  in  the  dense  stands  during  winter  or  early  spring. 

Virus  diseases  are  common  in  white  clover  especially  by  the  third 
year  of  the  stand.  The  viruses  that  affect  white  clover  singly  or  in 
combination  include  the  alfalfa  mosaic,  white  clover  mosaic,  clover 
yellow  mosaic,  white  clover  yellow  vein  mosaic,  red  clover  vein  mosaic, 
and  peanut  stunt  virus.  These  viruses  are  spread  by  grazing,  mowing, 
and  insect  vectors.  They  all  have  a significant  influence  on  the 
persistence  of  white  clover  stands. 

Foliar  pathogens  include  pepper  spot,  Leptosphaerulina  tri folia 
(Rostr)  Petr,  during  cool  wet  weather;  Cercospora  leaf  and  stem  spot, 
Cercospora  zebrina  Pass  throughout  the  season;  Curvularia  leaf  spot, 
Curvularia  trifoli  (Kauff.)  Boed.  during  warm  humid  weather;  sooty 
blotch,  Cymadothea  trifoli  (Pers.  ex.  Fr.)  Wolf,  during  cool  seasons; 
and  rusts,  Uromyces  trifolii  var  trifolii-repentis  (Liro)  Arth.  in 
late  summer  and  fall.  Considerable  loss  of  leaf  and  reduction  of  the 
forage  quality  is  caused  by  these  diseases. 

White  clover  leaves  are  especially  susceptible  to  the  potato 
leafhopper,  Empoasca  fabae  Harris.  Feeding  by  this  insect  causes 
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stunting  and  a reddeni ng-bnanzi ng  and  browning  of  the  leaves. 
Spittlebugs,  Philaensis  spumarius  (L.)  stunt  and  cause  a resetting 
of  terminal  growth.  Clover  leaf  and  alfalfa  weevils,  Hypera  punctata 
F.  and  H.  postica  Gyll,  respectively,  are  leaf  feeders  especially  in 
early  spring.  Larvae  of  clover  root  curculio,  Sitona  hispidula  F. 
feed  upon  the  roots  and  introduce  soil  borne  root  rotting  fungi  to 
the  root  system  thereby  reducing  the  plant's  survival  potential. 

The  seed  crop  in  the  south  is  threatened  especially  by  the  lesser 
clover  leaf  and  clover  head  weevils,  Hypera  nigrirostris  and  H. 
meles , respectively.  Larvae  of  these  insects  attack  parts  of  the 
flowering  head,  stunting  or  destroying  heads  and  preventing  seed 
formation,  thus  affecting  the  quantity  and  quality  of  the  seed  bank. 

Breeding  Efforts  with  White  Clover 

The  wide  range  of  morphologic  forms  within  T.  repens  is  recognized 
in  the  classification  of  organic  types  as  small,  intermediate,  or 
large  according  to  several  growth  habits.  The  magnitude  of  variation 
within  the  species  together  with  its  wide  geographic  distribution, 
suggests  that  desirable  phenotypic  traits  can  be  enhanced  by  plant 
breeding  (Hollowell,  1951)  techniques  to  yield  white  clover  strains 
adapted  to  suit  particular  environmental  stress.  For  this  to  be 
possible,  identification  of  the  available  phenotypic  traits  is  neces- 
sary. 

For  instance,  Suzuki  et  al.  (1958)  estimated  the  heritability  of 
some  phenotypic  characters  in  Ladino  clover  and  suggested  that  selec- 
tion be  based  upon  an  index  derived  from  heritable  characters  corre- 
lated in  some  way  with  forage  yield  such  as  leafiness,  a quality 


31 


easily  perceived  and  defined.  Several  measurable  traits  contribute 
to  leafiness  including  leaf  number,  leaf  size,  stolon  elongation, 
and  stolon  branching  frequency.  Ahlgren  and  Sprague  (1940),  on  the 
other  hand,  studied  morphological  variation  in  white  clover  and  found 
that  rapid  spreading  was  associated  with  increased  size  of  all  plant 
organs  but  was  generally  accompanied  by  a reduction  in  number  of 
leaves  per  unit  area. 

The  importance  of  growth  habit  was  studied  by  Yamada  (1959)  who 
compared  the  drought  tolerance  of  "01 igophyllous"  and  "Polyphyllous" 
white  clover  plants;  these  types  were  comparable  to  "viney"  and  "non- 
viney"  growth  habits,  respectively.  It  was  reported  that  the  polyphyl- 
lous plants  had  greater  drought  tolerance  although  they  were  leafier 
than  the  ol igophyllous  plants. 

Furthermore,  the  importance  of  leaf  area  as  a factor  in  plant 
growth  rate  has  been  stressed  by  Watson  (1956)  who  stated  that  leaf 
area  is  a more  important  determinant  of  dry  matter  yield  than  is  net 
assimilation  rate.  Beinhart  (1962)  used  growth  chambers  to  study  the 
growth  of  white  clover  at  different  temperatures  and  light  intensities 
and  found  that  plant  dry  weights  were  proportional  to  leaf  area  over 
a wide  range  of  environments.  Differences  in  leaf  area  production 
have  been  used  as  an  important  basis  for  comparing  different  clones 
in  breeding  programs. 

Since  white  clover  is  such  an  important  pasture  legume  in  eastern 
Australian  and  southeastern  U.S.A.  where  it  is  grown  in  association 
with  temperate  and  tropical  grasses  (O'Brien,  1970;  Ostrowski,  1972), 
there  has  been  renewed  interest  in  recent  years  in  this  legume  amongst 
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forage  scientists.  Breeding  efforts  in  subtropical  Queensland, 
Australia  have  led  to  the  release  of  Tri folium  repens  cv.  Haifa 
(Barnard,  1972)  and  T.  semipillosum  cv.  Safari  (MacKay,  1973)  both 
of  which  were  selected  in  an  attempt  to  improve  the  performance  of 
clovers  in  this  region. 

Selection  work  in  north  central  peninsular  Florida  was  intensi- 
fied by  Dean  (1975)  and  Paim  and  Dean  (1976)  in  an  attempt  to  search 
for  a more  perennating  white  clover.  This  work  in  Florida  was 
rewarded  with  the  release  of  Florida  Selection-15  white  clover. 

A progressive  study  was  initiated  at  the  University  of  Florida's  Beef 
Research  Unit  to  test  the  selection  under  a wide  range  of  summer  and 
fall  grazing  managements  in  association  with  bahiagrass  cv.  Pensacola 
in  1979.  First  and  second  years'  production  data  were  subjects  of 
two  Master  of  Science  theses  by  Davila-Calderon  (1981)  and  Lopez- 
Nunez  (1982).  The  salient  feature  arising  from  Davila-Calderon's 
work  is  that  the  area  covered  by  volunteer  clover  in  the  plots  pre- 
viously treated  with  a herbicide  to  eliminate  live-over  clover  plants, 
grew  better  at  high  levels  of  grazing  pressure.  He  noted  that  there 
was  a curvilinear  relationship  between  white  clover  and  residual 
dry  matter  with  maximum  values  at  levels  between  1000  and  1500  kg  og 
post-grazing  residue  DM  ha  ^ . The  influence  of  the  period  of  deferment 
treatments  was  less  apparent. 

Lopez-Nunez's  work  was  in  general  agreement  with  Davila-Calderon's 
findings,  although  he  reported  a considerable  reduction  in  seedling 
white  clover  yield  and  height  in  response  to  increasing  periods  of 
deferment.  For  instance,  he  reported  that  for  each  28  days  increase 
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in  period  of  deferment,  white  clover  yield  reduction  was  of  the  order 
of  100  kg  DM  ha"\  He  also  noted  that  seedling  clover  cover  yield 
at  the  1400  kg  residue  level  was  only  20%  of  that  obtained  at  the 
500  kg  residue  level.  Perennial  white  clover  yield,  on  the  other 
hand,  was  reduced  by  50%  when  the  residue  increased  from  500  to  1400 
kg  ha  \ He  observed  a better  white  clover  stand  in  moist  than  dry 
experimental  areas. 

With  the  working  hypothesis  that  some  environmental  factors 
affect  the  survival  ability  of  white  clover  during  summer  in  associa- 
tion with  bahiagrass,  and  that  grazing  management  accentuates  the 
influence  of  such  factors  on  the  survival  of  white  clover  in  these 
pastures,  the  present  study  was  conducted.  Specifically,  it  was 
designed  to  try  and  explain  the  mechanisms  by  which  white  clover 
survives  in  association  with  an  aggressive  tropical  forage  grass 
such  as  bahiagrass.  Secondly,  it  was  to  study  the  effects  of  summer- 
fall  grazing  periods  of  deferment  and  grazing  pressure  on  the  survival 
mechanisms  and  yield  of  white  clover  grown  in  this  association. 
Thirdly,  it  was  conducted  to  study  the  influence  of  site  conditions 
in  terms  of  soil  moisture  regimes  on  the  yield  and  survival  potential 
of  the  white  clover  component.  Finally,  it  was  to  study  the  spring 
yield  production  and  survival  potential  of  the  white  clover  component 
in  response  to  herbicide  and  insecticide-nematocide  applications. 


CHAPTER  III 
MATERIALS  AND  METHODS 

Experimental  Site  Characteristics 

The  experiment  was  conducted  at  the  University  of  Florida's  Beef 
Research  Unit,  some  16  kilometers  northeast  of  Gainesville.  The 
site  is  a typical  flatwoods  (Spodosols)  with  poorly  drained  soils  for 
a major  part  of  the  year.  Davila-Calderon  (1981),  USDA  (1982), 

Carlisle  et  al . (1981),  and  Coelho  (1979)  have  described  the  soil  as 
Pamona  sand  (sandy,  siliceous,  hyperthermic  Aeric-ultic  Haplaquod) 
in  which  the  A-1  horizon  (0-15  cm)  is  very  dark  gray  sand  and  very 
strongly  acid.  Originally  in  its  uncultivated  state,  the  soil  had 
a low  pH  (H^O)  of  4.0;  with  an  organic  matter  content  of  2.77  dag  kg”\ 
extractable  nutrients  of  75,  24,  0.75,  and  15  mg  kg”^  for  Ca,  Mg,  P, 
and  K,  respectively,  according  to  Coelho  (1979). 

Since  clearing  from  forest  in  1976,  the  fertilizer  regime  as 
shown  in  Table  1 had  been  carried  out. 

The  climatological  data  for  the  3-year  period  of  this  study  is 
presented  in  Table  2 and  these  data  are  compared  with  the  mean  for 
the  area. 


Pasture  Establishment 

Davila-Calderon  (1981)  and  Coelho  (1979)  have  traced  the  history 
of  establishment  of  the  experimental  pastures.  They  consisted  of 
bahiagrass  (Paspalum  notatum  Flugge)  cv.  Pensacola,  seeded  in  1977 
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Table  1.  Dates  and  rates  of  fertlilizer  applications. 


Date 

Cal ci tic  Dolomitic  Micro 

limestone  limestone  N P K elements! 

kg  ha'^  

November  1976  to 
March  1978 
(Coelho,  1979) 

3400  3400  83.3  47.7  90.6  62.0 

April  1979 
April  1980 
(Davila-Calderon, 
1981) 

15.5  59.6  36.0 

April  1981 
(Lopez,  1982) 

23.1  89.0  8.0 

May  1982 
(Dzowela) 

45.0  90.0  10.0 

fMicro  elements  applied  as  FTE  503,  a mixture  containing  3%  B,  3%  Cu, 
18%  Fe,  7.5%  Mn,  0.2%  Mo,  and  7%  Zn. 


Table  2.  Climatological  data  at  the  Beef  Research  Unit. 
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at  the  rate  of  28  kg  ha  ^ seed  and  the  alleyways  demarcating  plots 
and  pastures,  respectively,  were  seeded  to  bahiagrass  cv.  Argentine. 
One-quarter  of  the  area  was  seeded  to  Nolin's  white  clover  (Tri folium 
repens  L.)  and  an  equal  area  was  seeded  to  the  Florida  white  clover 
selection  that  same  year.  These  pastures  were  subjected  to  a grazing 
management  for  Coelho's  Ph.D.  dissertation  research  in  1978  and  1979. 

The  residual  forage  was  mowed  and  removed  after  a thorough  grazing 
subsequent  to  Coelho's  experimental  treatments  in  fall  of  1979.  Then, 
inoculated  new  white  clover  cv.  Osceola  was  broadcast  onto  the  entire 
area  at  the  seeding  rate  of  2.5  kg  ha~\  A cultipacker  was  pulled 
over  the  field  and  pre-  and  post-seeding  of  the  white  clover.  The 
nematocide-insecticide,  Furadan®  (a  10%  carbofuran  2-3  dihydro,  2,2 
dimethyl -7-7  benzofuranyl  methyl  carbamate)  was  finally  applied  to  the 
entire  field  at  the  rate  of  15  kg  ha"\ 

The  entire  pasture  was  lightly  grazed  in  the  early  spring  of 
1980,  and  in  June  it  was  cut  to  a uniform  height  and  allowed  a 40- 
day  regrowth  period  before  the  treatments  were  introduced.  For  the 
next  2 years  this  grazing  management  system  continued  to  be  applied 
in  early  spring. 


Experimental  Design  and  Treatments 

The  experimental  arrangement  employed  in  this  study  was  an  incom- 
plete factorial  set  with  three  experimental  variables  arranged  in  a 
split-plot  design.  The  main  plot  pastures  wre  randomly  assigned  to 
the  combinations  of  two  variables  of  grazing  pressures  (GP)  and  period 
of  deferment  of  grazing  (PD).  Thirteen  combinations  were  selected 
according  to  a modified  central  composite  design.  These  were  four 
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factorial  points,  four  axial  points,  one  central  point  from  the 
basic  central  composite  design  (Cochran  and  Cox,  1957),  plus  four 
extra  corner  points  (Littell  and  Mott,  1974)  as  shown  in  Fig.  1. 

All  the  design  points  were  replicated  twice  except  for  the  four 
factorial  points  to  give  a total  of  22  pastures  (Table  3). 

Three  qualitative  variables  were  applied  to  subplots  within  these 
pastures.  Because  of  drainage  differences,  each  pasture  was  divided 
into  two  blocks  (one  "wet"  and  the  other  "dry")  with  three  subplots 
each.  Each  subplot  measured  10  x 7 m and  the  whole  pasture  (main 
plot)  was  50  X 10  m giving  a total  of  1.1  ha  for  the  whole  experimental 
area.  All  subplot  treatments  (T)  were  applied  at  random  within  each 
drainage  block  (Fig.  2).  During  the  first  year,  three  different 
treatments,  herbicide,  nematoci de-insecticide,  and  control,  were  applied 
to  the  subplots.  The  herbicide,  Banvel®  (40.6%  3,6  dicloro-O-anisic 
acid)  was  intended  to  eliminate  all  white  clover  which  would  otherwise 
have  been  able  to  survive  through  summer.  It  was  applied  in  June  1980, 
1981,  and  1982  at  the  rate  of  2.3  L ha”^ . The  nematocide-insecticide, 
Furadan®  lOG  was  applied  eight  times  at  28-day  intervals  from  April 
to  November,  1980  (Davila-Calderon,  1981).  However,  due  to  a lack  of 
response  in  terms  of  white  clover  production  that  first  year  of  appli- 
cation the  Furadan®  treatment  was  discontinued  in  subsequent  years. 
Instead  the  study  focussed  on  the  residual  effect  from  the  1980 
Furadan®  application  in  the  subsequent  years.  In  the  control  treat- 
ment no  herbicide  nor  nematocide-insecticide  was  applied  throughout 
the  study  period. 
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Fig.  1.  Schematic  representation  of  Design  points  based  on  a 
modified  Central  Composite  Design. 
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Table  3. 

Treatment 

combinations  applied  to 

the  main 

plots. 

Period  of 
deferment  (X,) 
(PD) 

Target 

grazing  pressure  (X^) 
(GP)  ^ 

Pasture 

number 

End  of  deferment 
(Date  grazed) 

Code 

Days 

kg  ha- 1 residue 

0 

40 

500 

7 

31  July 

0 

40 

500 

13 

31  July 

0 

40 

2500 

6 

31  July 

0 

40 

2500 

22 

31  July 

4 

152 

500 

5 

20  Nov. 

4 

152 

500 

10 

20  Nov. 

4 

152 

2500 

11 

20  Nov. 

4 

152 

2500 

17 

20  Nov. 

2 

96 

1500 

12 

25  Sept. 

2 

96 

1500 

19 

25  Sept. 

0 

40 

1500 

3 

31  July 

0 

40 

1500 

16 

31  July 

4 

152 

1500 

4 

20  Nov. 

4 

152 

1500 

15 

20  Nov. 

2 

96 

500 

14 

25  Sept. 

2 

96 

500 

21 

25  Sept. 

2 

96 

2500 

1 

25  Sept. 

2 

96 

2500 

20 

25  Sept. 

1 

68 

1000 

18 

28  Aug. 

1 

68 

2000 

9 

28  Aug. 

3 

124 

1000 

2 

23  Oct. 

3 

124 

2000 

8 

23  Oct. 

1 

2 

3 

4 

5 

6 
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Fig.  2.  Scheme  of  the  treatments  as  applied  to  the  subplots. 
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Grazing  Management 

The  system  of  mob  or  corrmon  grazing  management  as  described  by 
Shaw  et  a1 . (1976)  was  applied  to  the  pastures  in  order  to  achieve 
the  targeted  grazing  pressure  (as  kg  residual  forage  dry  matter  ha'^). 
Deferment  periods  were  in  units  of  28  days  from  31  July  to  20  November 
in  all  years.  Between  two  to  ten  Brangus  heifers  weighing  300  to 
350  kg  were  used  to  graze  the  pasture  to  the  target  grazing  pressure. 
The  number  of  days  spent  grazing  varied  with  the  amount  of  forage  on 
offer  and  the  required  grazing  pressure.  Two  to  7 days  were  adequate 
in  most  cases.  Grazing  continued  periodically  to  maintain  the  pre- 
scribed grazing  pressure  after  each  deferment  period.  No  grazing 
took  place  from  the  first  week  of  December  until  the  third  week  in 
April.  The  animals  were  kept  on  Limpograss  (Hemarthria  altissima) 
and  bahiagrass  reserve  pastures  between  grazings  of  the  experimental 
plots.  No  measurements  were  made  on  the  animals,  as  a result  they 
were  assigned  to  the  experimental  pastures  without  randomization. 

The  grazing  scheme  employed  in  the  study  is  presented  in  Fig.  3. 

Measurements  and  Recordings 
Total  Available  Forage  Dry  Matter 

During  the  experimental  period  a non-destructive  double-sampling 
procedure  was  used  to  estimate  the  amount  of  forage  (Mannetje,  1978) 
as  had  Davila-Calderon  (1981)  and  Lopez-Nunez  (1982).  A simple  disk 
meter  of  0.50  m (Santillan  et  al . , 1979)  was  used  to  determine  the 
height  of  the  sampled  pasture  after  the  disk  was  dropped  from  a 1 
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razing  and  sampling  scheme  employed  during  the  experiment. 
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meter  height  above  ground.  The  plant  material  under  the  disk  was 
then  harvested  as  close  to  the  soil  surface  as  possible  using  re- 
chargeable hand  shearers.  This  harvest  was  done  in  April  1982  and 
1983.  The  plant  material  under  the  disk  was  oven-dried  for  at  least 
48  hours  at  65°C.  A linear  function  that  relates  the  compressed 
height  (X^)  to  dry  matter  production  (Y.j)  was  calculated  (Table  4). 
The  linear  functions  were  used  to  convert  all  disk  meter  readings  to 
dry  matter  forage  yield. 


White  Clover  Forage 

Percent  white  clover  forage  was  estimated  visually  in  April  1982 
and  1983.  A linear  function  estimating  visual  percent  white  clover 
forage  (X^)  to  the  actual  percent  dry  matter  white  clover  based  on 
hand  separation  of  the  harvested  forage  (Y^)  was  derived  in  April 
1982  and  1983,  according  to  Hunt  (1964).  The  relationship  between 
the  visually  appraised  and  actual  percent  clover  contents  is  shown 
in  Table  5.  This  relationship  was  used  to  convert  all  visual  esti- 
mates to  actual  clover  yields . Also  the  response  variable,  percent 
clover  ground  cover,  was  visually  estimated  in  relation  to  the  overall 
cover  of  the  pasture  components.  This  procedure  was  applied  also 
for  the  estimate  of  percent  cool  season  weed  cover  in  April  1983. 
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Table  4.  Relationship  between  disk  meter  readings  (X,)  and  dry 
matter  ha"l  (Y^ ) , 


Time 

n 

b(X^) 

^y-x* 

''i 

cv 

kg  ha"^cm"^ 

kg  ha“^ 

kg  ha“^ 

% 

Apri  1 

1982 

20 

331 

664 

2692 

0.95 

24.67 

April 

1983 

28 

291 

358 

3276 

0.99 

10.91 

*Standard  error  of  the  estimate. 
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Table  5.  Relationship  between  visual  (X2)  and  actual  estimates  of 
percent  white  clover  (Y^)  on  a^DM  basis. 


Time 

n 

b(X2) 

s * 

y-x2 

''2 

C. 

V. 

Apri  1 

1982 

28 

0.512 

8.20 

24.51 

0.93 

33. 

46 

April 

1983 

27 

0.845 

9.31 

48.01 

0.97 

19. 

38 

★ 


Standard  error  of  the  estimate. 
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Survival  Potential  of  White  Clover 
Soil  Seed  Reserves 

The  number  of  white  clover  seed  in  the  soil  under  the  pasture 

canopy  was  assessed  in  mid  August.  Three  cup  cutter  soil  core  samples 

measuring  6,5  cm  deep  and  5.8  cm  in  diameter  were  taken  per  subplot 

at  random.  The  core  soil  samples  from  each  subplot  were  bulked  and 

air-dried  under  room  temperature  conditions.  The  air  dry  soil  was 

arranged  in  germination  flats,  wetter  with  water,  and  the  flats  were 

set  at  sub-zero  temperatures  in  refri gerators  to  simulate  a cold 

treatment  for  48  hrs.  The  hard-frozen  flats  were  set  out  under  a 

mist  auto-waterer  for  a germination  test.  At  the  end  of  the  first 

21 -day  period  all  germinated  clover  seedlings  were  removed  from  the 

flats  and  recorded.  The  flats  were  subsequently  given  the  48-hour 

freeze  treatment  again  at  the  end  of  the  first  and  second  21 -day 

periods  and  the  amounts  of  germinating  seedlings  recorded  at  the 

end  of  these  germination  periods.  The  germination  records  gave  an 

indication  of  the  total  number  of  seeds  as  well  as  an  indication 

of  readily  germinable  (1st  21-day  period),  moderately  soft  (2nd  21- 

day  period),  and  hard  seed  components  (3rd  21-day  period),  all  reported 
2 

on  a m basis. 

White  Clover  Plants  Living  Through  Summer/Fall 

At  the  end  of  the  last  deferment  period  in  the  third  week  of 
November,  a count  was  made  of  the  number  of  white  clover  plants 
(stolons)  appearing  to  have  survived  through  summer  from  the  pre- 
ceeding  spring.  Three  meter  square  quadrats  were  consistently  taken 
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diagonally  across  the  subplots.  For  the  purpose  of  this  count  a 
stolon  was  taken  to  have  survived  if  it  was  well  rooted,  had  at 
least  two  leaves  and  was  equal  or  longer  than  3 cm. 

Recruited  White  Clover  Seedlings 

Also  at  the  end  of  the  last  deferment  period,  the  number  of 

2 

recruited  seedlings  was  recorded.  Nine  20-cm  quadrats  were  consis- 
tently taken  diagonally  across  the  subplots.  The  number  of  white 

clover  seedlings  (two  cotyledons  plus  a true  trifoliate  leaf)  were 

2 

recorded  from  each  of  the  20  cm  quadrat  and  the  average  number 
2 

expressed  on  a m basis. 

Disease  and  Pest  Attack 

Root  and  Stolon  Rot  Disease  Monitor 

Some  time  in  summer  (July)  at  the  peak  of  humid  weather,  there 
was  an  outbreak  of  root  and  stolon  rot  disease  caused  by  Pythi urn  and 
Fusari urn  species.  The  severity  of  disease  attack  was  quantified  by 
scores  on  the  0-5  scale  in  increasing  order  of  severity,  visually 
appraised.  Samples  of  diseased  stolons  were  submitted  for  identifi- 
cation by  the  Plant  Pathology  Department  of  the  Institute  of  Food 
and  Agricultural  Services,  University  of  Florida. 

Other  Diseases  and  Pests 


Other  diseases  of  significance  and  pests  were  monitored  to 
assess  their  influence  on  clover  survival  ability.  In  April  (1983) 
leaf  rust  ( Uromyces  tri fol i i ) var  trifoli  repentis  (Liro)  Arth. 
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and  Phoma  leafspots  (Phoma  sp.)  attacks  were  scored,  also  on  a 0-5 

scale.  This  was  done  for  leaf  weevil  attacks  as  well,  at  this  time. 

Counts  of  grazer  snails  (Polygyra  cereolus  Muhlfeld)  were  made  during 

2 

the  spring-summer  period  using  20  m quadrats.  Eighteen  random  qua- 
drats (three  per  subplot)  were  taken.  All  counts  were  made  between 
11.00  and  14.00  hours  to  minimize  the  effects  of  diurnal  movements 
of  the  snails  between  the  soil  and  forage  (Dietrick,  1961). 

Soil  Moisture 

In  order  to  account  for  within-site  difference  in  soil  moisture, 
soil  samples  were  taken  early  in  spring-summer,  1982,  at  2-week  inter- 
vals. These  soil  samples  were  used  for  gravimetric  determination  of 
soil  moisture.  Soil  samples  were  collected  using  a core  sampler  to 
20-22.5  cm  depth. 

Total  Non-Structural  Carbohydrates  and  Crude  Protein 

White  clover  rooted  stolons  were  dug  from  the  pasture  in  April; 
there  were  washed  immediately  in  running  tap  water.  They  were  dried 
for  45  min  in  a 120°C  preheated  forced  hot  air  oven  at  100-105°C. 

This  temperature  denatured  enzymes  to  arrest  respiratory  losses  of  TNC. 
After  the  preliminary  45  min  drying,  the  samples  were  then  dried  at 
70°C  for  a period  of  at  least  48  hrs. 

Stolons,  with  roots,  but  without  leaves  were  ground  first  through 
a Wiley  mill  to  pass  a 4-mm  screen  and  then  through  a U.D.  Cyclone 
mill  to  pass  a 0.5  mm  or  a 40-mesh  screen.  Ground  samples  were 
analyzed  for  TNC,  using  the  Christiansen  et  al . (1982)  procedure. 
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The  ground  samples,  weighed  to  0.100  to  0,1099  g were  placed  into 
25  ml  Erlenmeyer  flasks  and  heated  in  a boiling  water  bath  with  5 mL 
of  distilled  or  deionized  water  for  10  min  to  gelatinize  the  starch. 
Five  milliliters  of  0.2M  acetate  buffer  (pH  4.8)  were  added  to  bring 
the  volume  to  10  ml.  One  milliliter  of  an  enzyme  mixture  was  placed 
in  each  flask  to  digest  the  weighed  sample.  The  enzyme  mixture  con- 
sisted of  2.5  mL  invertase  concentrate  in  glycerol;  1.25  g amyloglu- 
cosidase;  0.1  g thymol;  45  mL  distilled  water,  and  5.0  mL  O.IM  acetate 
buffer.  The  thymol  was  used  to  prevent  microbial  growth  during  incu- 
bation. After  the  enzyme  addition  the  samples  were  incubated  at  37°C 
for  48  hrs , 

Following  incubation,  aliquot  volumes  for  determination  of  the 
Beer's  Law  relationship  were  made.  This  volume  contained  1 mL  of  the 
sample  preparation  to  which  were  added  7 mL  of  distilled  water  plus 

1 mL  of  each  of  alkaline  reagent  and  the  color  forming  arsenomolybdate 
reagent.  A regression  equation  was  derived  to  establish  the  relation- 
ship between  sugar  content  of  the  sample  and  the  optical  density  read 
at  540  nm  on  the  Coleman  JR  II  Spectrophotometer. 

For  N percentage  analysis  the  standard  micro-Kjeldahl  procedure 
was  used.  Crude  protein  was  obtained  conventionally  by  multiplying 
total  N by  the  factor  of  6.25  and  results  expressed  on  dry  matter  basis. 
Total  N was  determined  based  on  Schuman  et  al . (1973)  using  the  follow- 
ing modifications:  a 0.1  g dried  and  ground  sample  (to  pass  through 

1-mm  screen)  was  placed  in  each  digestion  test  tube  together  with 
3.20  g of  prepared  catalyst  (90%  anhydrous  K2SO4  10%  anhydrous  CuSO^), 

2 or  3 Alundum  boiling  chips  and  10  mL  concentrated  H2S0^.  The 
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contents  were  mixed  in  a vortex  and  a total  of  2 mL  of  30%  were 
carefully  added  in  0.5,  0.5,  and  1 ml  increments.  The  samples  were 
allowed  to  stand  until  reaction  of  ^2^2  samples  were 

digested  at  375  C for  3 hrs  after  which  they  were  diluted,  brought  to 
75  mL  volume,  and  the  N concentration  read  in  the  Auto  Analyzer.  The 
percent  N was  calculated  using  the  following  equation: 

* N = 0.0075  PP"-  ^hTq|!-<terrs  - low  dS 

Sample  weight 


Early  Animal  Exclusion  Cages 

Just  over  a week  following  the  first  grazing  at  the  end  of  periods 
of  deferment,  exclusion  cages  measuring  nearly  1.5  m in  diameter  were 
introduced  in  some  parts  of  the  pasture  in  which  a complete  grass-clover 
sward  was  observed.  Two  cages  were  introduced  per  pasture.  These  cages 
excluded  access  by  the  grazing  cows  to  these  parts  of  the  pasture  for 
the  remainder  of  the  summer- fall  season,  from  the  dates  shown  (*1  to  *4) 
in  Fig.  2.  In  April  of  the  following  spring,  forage  in  these  cages  and 
sites  outside  these  cages,  selected  at  random  were  compared  with  respect 
to  total  available  forage,  white  clover  forage,  disease  attack  scores, 
and  pest  attack  scores. 


Statistical  Analysis 

The  General  Linear  Models  (GLM)  procedure  was  used  for  analyses 
of  variance  (Helwig  and  Council,  1979).  Deferment  period  (DP)  and 
grazing  pressure  (GP),  their  quadratic  functions,  and  cross-products 
were  used  as  independent  variables  for  all  the  dependent  variables  in 
the  main  plots,  i.e.,  total  forage  yield,  white  clover  yield,  percent 
white  clover  ground  cover,  number  of  perennating  clover  plants,  number 
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of  white  clover  seedlings  recruited,  disease  and  pest  attack  scores, 
and  percent  weeds  ground  cover.  Since  the  experiment  had  two  experi- 
mental variables  primarily  (discounting  the  two  subplot  treatments) 
set  on  the  central  composite  design,  the  results  of  the  analysis  of 
variance  were  used  in  plotting  three-dimensional  response  surfaces  of 
the  predicted  values.  This  employed  the  response  surface  methodology 
(Balaam,  1975;  Mott,  1982)  using  the  G3D  procedure  (Council  and  Helwig, 
1981).  Separate  analyses  were  made  for  the  response  variables  of  the 
subplot  treatments  (Block,  i.e.,  wet  vs  dry  site,  and  the  herbicide 
treatments).  The  models  used  in  these  computer  analyses  were: 

(a)  For  the  main  treatments: 

Y - 3q  + 3i^i  ^3^2  ^4^2  ®5^1^2  ^ 

where  Y = the  response  (dependent)  variable, 

3g=  overall  mean  response, 

e-j  and  ^2  ~ response  associated  with  linear  and 

quadratic  terms  of  the  independent  variable, 
x-| , respectively, 

e-  and  3,  = the  response  associated  with  linear  and 

quadratic  terms  of  the  independent  variable, 
X2,  respectively, 

3c=  the  response  associated  with  the  interaction  of  the 
independent  variables  x-j  and  X2> 

E = random  (residual)  error. 

(b)  With  subtreatments  included: 

Y = 3q  + 3-|  site  + 32T  + s^PD  + 3^GP  + 3^site*T  + 3gSite*PD  + 

3ySite*GP  + 3gT*PD  + 3gT*GP  + 3^gSite*PD*GP  + 

3^^T*PD*GP  + e 

where  Y = the  response  (dependent)  variable. 


6q=  overall  mean  response. 
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B-]  to  3^  = 

the  responses  associated  with  the  independent 
variables,  site,  T,  PD,  and  GP,  respectively , 

3g  to  3y  = 

the  responses  associated  with  the  interaction  of 
the  independent  variable,  site  with  T,  PD,  and  GP, 
respectively. 

3g  and  3g= 

the  responses  associated  with  the  interaction  of 
the  independent  variable,  T with  PD  and  GP,  respec- 
tively. 

II 

O 

cn 

the  response  associated  with  the  interaction  between 
the  independent  variables,  site,  PD,  and  GP, 

^11  = 

the  response  associated  with  the  interaction  between 
the  independent  variables,  T,  PD,  and  GP, 

e = 

random  (residual)  error. 

CHAPTER  IV 

RESULTS  AND  DISCUSSION 


Soil  Moisture  Differences  on  the  Site 

The  experimental  design  in  this  study  took  into  account  the 
fact  that  there  were  major  differences  between  the  "dry"  and  "wet" 
sites  within  the  experimental  area.  Of  all  pastures,  only  in  the 
middle  section  of  the  area  constituting  pastures  9,  11,  12,  13,  14, 

15,  16,  17,  and  18  were  there  significant  differences  between  the 
wet  and  dry  sites  in  early  spring  (Table  6).  Other  pastures  such  as 
3,  4,  5,  and  6 were  equally  wet,  but  there  was  no  major  gradient 
change  to  show  a drastic  difference  in  soil  moisture  bewteen  the  dry 
and  wet  sites. 

In  those  pastures  that  showed  a significant  change  in  moisture 
content  between  sites,  a high  water  table  that  resulted  in  ponding 
was  not  uncommon  during  the  months  July-September  (USDA,  1982). 

Those  pastures  with  soil  moisture  values  below  20.0  day  kg”^  were 
mostly  well -drained  during  much  of  the  year,  and  the  plants  growing 
on  them  showed  extreme  moisture  stress,  especially  in  the  months  of 
insufficient  precipitation,  such  as  May  1982  (Table  2). 

Total  Available  Spring  Forage 

The  total  available  forage  values  in  spring  (April  1982  and  1983) 
are  shown  in  Figs.  4,  5,  6,  and  7.  The  response  in  1982  was  a charac- 
teristic maximum  point  that  rose  towards  the  heaviest  grazing 
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Table  6.  Within  pasture  differences  in  soil  moisture  in  spring  between 
"wet"  and  "dry"  (concentration  on  soil  dry  matter  basis). 


Pasture 

"Wet"  block 

"Dry"  block 

Means 

moisture 

on  soil  dry 
dag  kg" ' 

matter 

basis 

1 

19.1 

a* 

19.1 

a 

19.1 

2 

19.1 

a 

18.7 

a 

18.9 

3 

25.2 

a 

22.9 

a 

24.1 

4 

26.0 

a 

24.9 

a 

25.4 

5 

21 .4 

a 

20.7 

a 

21.1 

6 

24.5 

a 

24.7 

a 

24.6 

7 

23.0 

a 

19.5 

a 

21.3 

8 

23.4 

a 

20.9 

a 

22.2 

9 

26.3 

a 

16.8 

b 

21 .6 

10 

25.8 

a 

20.2 

a 

23.0 

11 

24.2 

a 

19.7 

b 

22.1 

12 

26.4 

a 

20.8 

b 

23.6 

13 

22.6 

a 

18.3 

b 

20.4 

14 

24.4 

a 

20.7 

b 

22.5 

15 

26.6 

a 

18.4 

b 

22.5 

16 

22.1 

a 

17.8 

b 

19.9 

17 

22.5 

a 

15.9 

b 

19.2 

18 

22.6 

a 

15.5 

b 

19.1 

19 

20.2 

a 

19.0 

a 

19.6 

20 

21 .9 

a 

19.3 

a 

20.6 

21 

16.3 

a 

14.8 

a 

15.5 

22 

19.3 

a 

16.2 

a 

17.7 

Means 

22.9 

19.3 

* 

Values  within 
di fferent. 

the  row 

followed  by 

the  same  letter  are  not  statistically 

Total  available  forage  ,kg  DM  ha 
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Fig.  4.  Surface  plot  of  total  available  spring  forage  in  response 
to  period  of  deferment  and  grazing  pressure  for  April  1982. 


Period  of  deferment  in  days  after  June  20 
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Forage  DM  Yield  Kg  HA 


Fig.  5.  Contour  plot  of  total  available  spring  forage  in 

response  to  period  of  deferment  and  grazing  pressure 
for  April  1982. 


Total  available  forage,  kg  DM  ha 
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Fig.  6,  Surface  plot  of  total  available  spring  forage  in  response 
to  period  of  deferment  and  grazing  pressure  for  April  1983. 


Period  of  deferment  in  days  after  June 
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Forage  DM  Yield  Kg  HA 


-1 


Grazing  pressure,  kg  DM  residue  ha 


-1 


Fig.  7.  Contour  plot  of  total  available  spring  forage  in  response 
to  period  of  deferment  and  grazing  pressure  for  Aoril  1983. 


60 


pressure  (least  amount  of  post-grazing  residue  ha  ^).  That  for  1983 

was  a typical  saddle  point  also  rising  towards  the  heaviest  grazing 

pressure.  The  highest  amounts  of  available  forage  were  obtained  at 

the  500  kg  DM  ha~^  level  of  grazing  pressure  (Figs.  5 and  7).  In  each 

year,  forage  reached  a maximum  at  the  96-124  days  period  of  deferment, 

but  there  was  no  effect  of  period  of  deferment  (P  = 0.9307  and  0.5395, 

respectively,  for  1982  and  1983).  There  was  a quadratic  effect  of 

period  of  deferment  (PD  ) (P  = 0.0009)  in  both  years.  Grazing  pressure 

gave  a linear  response  in  both  years  (P  = 0.0001  and  0.0001,  respec- 

2 

tively).  However,  the  quadratic  effect  (GP  ) was  not  significant. 

There  was  also  no  interaction  (PD  x GP)  (P  = 0.1178)  as  shown  in 
Appendix  Tables  15  and  17. 

Within  the  main  plots,  the  wetter  site  gave  a high  (P  = 0.0115) 
total  available  forage  (Table  7;  Appendis  Tables  16  and  18).  The 
increase  in  total  available  forage  over  the  drier  stie  was  11  and 
13%,  respectively,  for  1982  and  1983.  The  subplots  that  received  the 
herbicide,  Banvel®  consistently  gave  the  smallest  amount  of  forage  in 
both  years.  Predominantly  composed  of  seedling  (volunteer)  white  clover, 
these  subplots  did  not  have  a fully-developed  clover  stand  to  contribute 
effectively  to  total  available  forage.  On  the  other  hand,  the  increased 
forage  advantage  of  the  Furadan®  subplots  may  not  be  ascribed  to  the 
residual  effect  of  the  nematocide-insecticide  application,  other  than 
the  fact  that  it  (Furadan®  application)  and  the  control  subplots  con- 
tained a good  proportion  of  perennating  clover  in  the  stand.  The  in- 
creased forage  advantage  with  the  heaviest  grazing  pressure  and  inter- 
mediate periods  of  deferment  appears  to  correspond  with  a better 
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Table  7.  Total  available  and  white  clover  forage  (kg  DM  ha”^)  on  wet 
and  dry  sites  and  on  herbicide  treated  subplots. 


Forage 

yield 


Year 


1982 


1983 


oven-dry  herbage,  kg  ha 
Between  site 


-1 


Wet 

Dry 

Wet 

Dry 

Total  available 
forage 

3770  a* 

3400  b 

2730  a 

2410  b 

White  clover 
forage 

910  a 

860  a 

1120  a 

1000  a 

Between 

herbicide  treatments 

Control 

Banvel 

Furadan 

Control 

Banvel 

Furadan 

Total  available 
forage 

3480  b 

3320  b 

3960  a 

2550  ab 

2320  b 

2840  a 

White  clover 
forage 

940  a 

640  b 

1070  a 

1090  ab 

900  b 

1200  a 

★ 

Values  within  the  row  and  year  that 
are  not  statistically  di-ferent  at  P 

are  followed  by 
’ = 0.05  1 evel . 

the  same 

letter 
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survival  potential  and  a more  effective  contribution  to  total  available 
forage  by  the  white  clover  component.  This  grazing  management  combi- 
nation resulted  in  the  highest  white  clover  contribution  to  total 
available  forage,  i.e.,  32  vs  19%  and  46  vs  34%  between  this  manage- 
ment combination  and  the  more  lax  grazing  management,  respectively, 
for  1982  and  1983,  respectively.  There  was  also  a better  white  clover 
contribution  towards  total  available  forage  on  the  wetter  than  drier 
sites,  again  because  of  a better  clover  survival  potential. 

White  Clover  Spring  Forage 

As  total  available  forage,  white  clover  forage  response  was  a 
typical  maximum  point  (1982)  and  a saddle  point  (1983).  The  increased 
forage  advantage  of  the  heaviest  grazing  pressure  and  the  intermediate 
periods  of  deferment  (68  to  96  days)  was  apparent  in  both  years  (Figs. 

8,  9,  10,  and  11).  For  each  year  the  responses  to  period  of  deferment 
(P  = 0.0001  and  0.0011,  respectively)  and  grazing  pressure  (P  = 0.0001 
and  0.0001,  respecti vely)  were  linear  as  shown  in  Appendix  Tables  19 
and  21.  There  was  also  a quadratic  relationship  to  period  of  defer- 
ment (P  = 0.0001  and  P = 0.0009,  respectively)  but  GP^  and  interaction 
(PD  X GP)  were  not  significant  (P  > 0.05). 

The  white  clover  forage  difference  between  the  wet  and  dry  sites 
was  not  significant  (Table  8;  Appendix  Tables  20  and  22),  but  the 
Banvel®  application  resulted  in  significantly  lower  white  clover  forage. 
Here  white  clover  forage  too  showed  to  be  favored  by  the  best  survival 
potential  that  occurred  at  the  combination  of  heavy  grazing  pressure 
and  intermediate  periods  of  deferment.  It  showed  a positively 


White  clover  forage  , kg  DM  ha 
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Fig.  8.  Surface  plot  of  white  clover  spring  forage  in  response  to 
period  of  deferment  and  grazing  pressure  for  April  1982. 


Period  of  deferment  in  days  after 
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Yield  in  Kg  DM  HA 


Fig.  9.  Contour  plot  of  white  clover  spring  forage  in  response  to 
period  of  deferment  and  grazing  pressure  for  April  1982. 


65 


Fig.  10.  Surface  plot  of  white  clover  spring  forage  in  response  to 
period  of  deferment  and  grazing  pressure  for  April  1983. 


Period  of  deferment  in  days  after  June  20 
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Yield  in  Kg  DM  HA"^ 


Fig.  11.  Contour  plot  of  white  clover  spring  forage  in  response  to 
period  of  deferment  and  grazino  oressure  for  April  1983. 
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Table  8.  Number  of  white  clover  plants  perennating  and  seedlings 
recruited  m"2  on  wet  and  dry  sites  and  herbicide  treated 
subplots. 


Parameter 


1982 
No.  m 


Between  sites 

Wet 

White  clover  « 

perennating  plants  6.78  a* 


Recruited  white  clover 
seedlings  m~2 


395.00  a 


Dry 

4.94  a 
330.00  a 


White  clover 
perennating  plants 

Recruited  white  clover 
seedlings  m-2 


Between  herbicide  treatments 


Control 
7.87  a 


Banvel 
1.12  b 


Furadan 
8.58  a 


351.00  a 


291.00  a 


445.00  a 


Values  within  the  row  followed  by  the  same  letter  are  not  statis- 
tically different  at  P = 0.05  level. 
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significant  correlation  with  those  factors  which  survival  ability 
depends  upon.  For  the  purpose  of  this  study  these  are  the  amount 
of  annual  seedlings  recruitment,  white  clover  soil  seed  reserves, 
white  clover  ground  cover,  and  number  of  live-over  clover  plants 
through  summer-fall  (Table  9).  The  low  correlation  with  live-over 

clover  plants  is  explained  by  the  very  low  numbers  of  plants  recorded 

_2 

(15  plants  m ). 

Increased  white  clover  yields  under  more  intensive  and  frequent 
grazing  management  have  been  reported  many  times  before  (Schlundt, 

1977;  Andrade,  1979;  Brougham,  1959;  Blaser  and  Killinger,  1950). 

The  reduced  grass  competition  as  a result  of  a more  open  residue  may 
explain  the  more  rapid  growth  of  white  clover  under  this  management 
during  winter  and  early  spring  resulting  in  higher  yields  and  denser 
stand.  Cameron  (1969)  found  that  the  rate  of  clover  growth  was  severely 
reduced  in  lightly  grazed  pastures  based  on  Paspalum  sp.  On  removal  of 
the  competitive  vegetation  and  reduced  post-grazing  residue,  white 
clover  growth  rates  and  yield  were  reported  to  be  increased  by 
Turkington  et  al . (1979)  and  Murtagh  (1977). 

Survival  Potential  of  White  Clover 
Soil  Seed  Reserves 

Several  factors  are  known  to  determine  the  quantity  and  quality 
of  soil  seed  reserves.  These,  according  to  Thurston  (1960),  Barton 
(1962),  and  Iverson  and  Wali  (1982)  are: 


Table  9.  Linear  correlation  coefficients  and  probability  levels  of  white  clover  yield  with  soil  seed 
reserves,  recruited  white  clover  seedlings,  white  clover  percent  ground  cover,  live-over 
clover  plants. 


S-  CO 

<U  -M 

Ln 

> C C\J 

1-^ 

O CO 

1—  f—  <T> 

r— 

U Q-f— 

. 

o 

OJ  s-  • 

O II 

•M  0»  > 

00  \ 

•1-  > o 

. q; 

j::  o 2: 

o 

^ 1 

A 

II  CQ 

• XSJ 

O 

O •»-  1 

CM  DC 

2: E 

^ O. 

CO 

CO 

1 — 

CTt 

O 

0)  XJ  1— 

o 

+->  c 

o 

•1-  3 . 

-C  O i- 

o 

5 s-  CL 

ro  II 

cnc 

00  \ 

+-> 

• q; 

(/> 

C S- 

o 

OJ 

OJ  <u  s. 

A 

O > CD 

II  CQ 

-Q 

U o > 

O 

CD  r—  O 

CM  QC 

Q-  CJ  CJ 

S-  Q. 

S- 

rO 

> 

-M 

CO 

cn 

<3J 

c 

XJ 

C 

OJ 

XJ  CM 

O 

Q. 

QJ  00 

o 

a; 

S-  CD  CTi 

o 

XJ 

OJ  CO  1 — 

£= 

> 

o" 

►—4 

O XJ  • 

CO  II 

1—  OJ  > 

^ 

U 4->  o 

• Qi 

•f-  z 

o 

OJ  3 

A 

-*->  S- 

II  CQ 

•1“  OCM 

O 

JZ  OJ  1 

CM  Qi 

3:  s-  E 

S-  CL 

CO 

OJ 

> 

* 

S- 

LO 

CD  CM 

00 

(O  CO 

o 

s-  CD  cr> 

o 

0)  S-  r— 

> 

o 

O XJ  • 

LO  II 

1—  OJ  OJ 

un  \ 

CJ  OJ  3 

• QC 

CO  <C 

o >- 

OJ 

A 

+->  »— 

II  CQ 

•1-  t-CM 

o 

JZ  O 1 

CM  O' 

3 to  E 

S-  Cl. 

P— 

i 

tc 

x: 

CD 

S-  COZE 

OJ  to  Q 

> i-  CO 

4-> 

O O 3)00 

C OJ 

r—  ^ C3^ 

OJ  1— 

U 1— 

X ^ 

3) 

£Z  ro 

OJ  C X r— 

CD  -r- 

+->  T-  1 — •r- 

CL  S- 

•1-  i-  OJ  S- 

CD  to 

-C  CL-»-  Q- 

Q > 

3 (/I  >,<C 

<T3 

U 

♦r“ 

C 

cn 


u 

+-» 

(/) 


a; 

s- 

LT) 

O 


0) 

3 

rO 

> 

Qi 

/\ 

CQ 

O 

q:: 

Q_ 


69 


70 


_2 

(a)  reproductive  potential  of  plants  (seed  heads  m x seeds 
head  ^ less  annual  emergence), 

(b)  dispersal  mechanisms, 

(c)  dormancy  patterns, 

(d)  characteristi cs  of  the  soil, 

(e)  biotic  influences,  i.e.,  predation  and  decomposition  caused 
by  fungal  and/or  bacterial  diseases, 

(f)  weather  fluctuations,  and 

(g)  disturbances  to  the  soil  surface  (such  as  caused  by  puddling 
and  compaction  by  hoofs  or  grazing  animals). 

Disrupting  the  soil  surface,  such  as  by  trampling  and  puddling  by 
hoofs  of  grazing  animals  and  removal  of  the  thick  thatch  by  heavy  grazing 
pressure  often  breaks  dormancy  by  exposing  seeds  to  unfiltered  light, 
fluctuating  temperatures,  and  reduced  CO^  concentration  (Bazzar,  1970, 
1979).  The  significance  of  these  factors  in  the  present  study  is  quite 
apparent.  A combination  of  heavy  grazing  pressure  (least  residue)  and 
short  period  of  deferment  (40-68  days)  resulted  in  largest  amount  (3000 
seeds  m ) of  white  clover  soil  seed  reserves  (Fig.  12).  There  was 
only  about  1/3  the  amount  of  soil  seeds  at  the  longest  period  of  defer- 
ment and  about  1/2  that  amount  at  the  lightest  grazing  pressure  (Fig.  13) 
This  was  no  doubt  the  result  of  the  less  open  pasture  residue  at  this 
grazing  management  which  in  turn  resulted  in  more  dormant  soil  seed  re- 
serves which  germinated  less  readily  (Figs.  14  and  15).  A close  and  more 
frequent  grazing  management  has  been  known  to  induce  increased  seed  pro- 
duction in  T.  repens  (Haggar  et  al . , 1963) . Heavy  grazing  pressure  of 
grass-clover  associations  results  in  reasonably  high  yield  of  clover  seed 


Soil  seed  reserves 
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Fig.  12.  Surface  plot  of  white  clover  soil  seed  reserves  in  resoonse 
to  period  of  deferment  and  grazing  pressure. 


Period  of  deferment  in  days  after  June  20 
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Fig.  13.  Contour  plot  of  white  clover  soil  seed  reserves 
to  period  of  deferment  and  grazing  pressure  (.'lo. 


in  response 
of  seeds 


WHITE  CLOVER  SOIL  SEED  M" 
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Period  of  deferment  in  days  after  June  20 


Fig.  14.  Number  of  white  clover  soil  seeds  m in  response  to 
period  of  deferment. 


WHITE  CLOVER  SOIL  SEEDS  M" 
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Grazing  pressure,  kg  DM  residue  ha 


Fig.  15,  Number  of  white  clover  soil  seeds  m"^  in  response 
to  grazing  pressure. 
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The  reason  for  this  is  that  shading  from  companion  vegetation  residue 
is  minimal  during  the  spring  flush  of  herbage  growth,  so  that  light 
is  able  to  penetrate  to  the  clover  stolons  and  flower  initiation  is 
not  inhibited.  Furthermore,  close  defoliation  in  the  late  summer- 
autumn  period  encourages  vigorous  stolon  branching  so  that  the  number 
of  flower  sites  the  following  spring  at  which  flower  buds  can  be 
initiated  is  increased  (Zaleski,  1964). 

The  white  clover  seed  reserves  recovered  from  this  study  appear 

-2 

reasonably  adequate  (up  to  3000  m ) when  compared,  for  instance,  with 
reports  by  Jones  and  Evans  (1977),  Jones  (1981,  1982).  However,  they 
fell  far  below  the  seed  quantities  reported  from  pasture  systems  in 
New  Zealand,  with  a range  of  9300  to  50,000  m'^  (Suckling,  1950;  Hyde 
and  Suckling,  1953).  These  data  reported  in  the  current  study  only 
cover  recoveries  from  a germination  count  of  seedlings.  It  is  likely 
that  this  recovery  procedure  underestimated  the  actual  amounts  of  seed 
For  instance,  no  account  was  made  of  the  ungerminated  hard  seeds  which 
could  not  be  recovered.  Furthermore,  the  soil  seed  reserves  recovered 
by  the  procedure  in  this  study  may  not  directly  reflect  the  current 
year's  legume  seed  yield.  Seed  in  the  soil  under  a mixed  pasture 
have  been  shown  (Jones  and  Evans,  1977)  to  be  not  directly  related 
to  current  legume  seed  yield.  In  most  cases,  the  seed  reserves  are 
substantially  greater,  because  legume  seeds  are  able  to  persist  in 
the  soil.  Various  Tri fol i urn  species  owe  their  persistence  to  varying 
proportions  and  amounts  of  hard  and  soft  seed  (Hodgkinson  and  Williams 
1979).  What  is  important,  nevertheless,  is  the  fact  that  there  were 
adequate  seed  reserves  in  the  soil  for  the  continued  survival  of 


WHITE  CLOVER  SOIL  SEEDS  M 
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Fig.  15.  Number  of  white  clover  soil  seeds  m"  in  response 
to  herbicide  treatments. 


WHITE  CLOVER  SOIL  SEEDS  GERMINATED 
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Fig.  17. 


White  clover  soil  seed  germination  budget 
to  herbicide  treatments  (No.  of  seedlings 


in  response  ^ 
germinated  m~  ). 


78 


Z- 


lAi  aaivNiiAiaao  sa33S  nios  d3Aono  3iihm 


Fig.  18.  White  clover  soil  seed  germination  budget  in  response  to  grazing  pressure. 
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White  clover  soil  seed  germination  budget  in  response  to  period  of  deferment 
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white  clover  stands  from  one  spring  to  the  other.  Where  clover 
stands  had  been  deliberately  eliminated  by  Banvel®,  the  amount  of 
seed  potentially  able  to  revegetate  the  pasture  amounted  approximately 
to  one-half  of  those  in  the  subplots  without  the  herbicide  applied 
(Fig.  16). 

Nearly  two-thirds  of  the  seed  reserves  were  readily  able  to 
germinate  by  the  second  germination  period.  This  means  that  about 
one- third  of  the  seed  reserves  was  the  hard-to-germinate  component 
under  all  managements  (Figs.  17,  18,  and  19).  Proportions  varied 
according  to  the  absolute  soil  seed  reserves. 

Contrary  to  Jones'  (1982)  findings  in  which  largest  soil  seed 
reserves  were  recorded  on  wetter  than  on  drier  sites,  in  the  current 
study,  the  correlation  between  soil  moisture  content  (wet  vs  dry)  and 
soil  seed  reserves  was  negative  and  not  significant  (r^  = -0.55  and 
PR0B>/R/  = 0.1798).  One  logical  explanation  for  this  could  have  been 
the  unfavorably  wet  (ponding)  conditions  that  probably  resulted  in 
seed  rotting  on  this  site. 

Number  of  Perennatinq  White  Clover  Plants 

Number  of  white  clover  plants  perennating  through  summer  from 
the  preceeding  spring  was  affected  by  period  of  deferment  (Table  23) 

(P  = 0.0001).  At  the  longest  period  of  deferment  there  were  few  white 
clover  plants  surviving  through  the  summer  (Figs.  20  and  21 ) . Maximum 
number  of  plants  was  at  the  combination  of  the  shortest  period  of  defer- 
ment and  the  intermediate  grazing  pressures  (1000-1500  kg  DM  residue  ha'^ ) . 
This  is  in  agreement  with  Taylor  and  Rossiter  (1974)  work  in  which  the 


No.  of  white  clover  plants 
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Fig.  20.  Surface  plot  of  number  of  white  clover  plants  perennating 
through  summer-fall  in  response  to  period  of  deferment  and 
grazi ng  oresure. 


Period  of  deferment  in  days  after  June  20 
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Fig.  21.  Contour  plot  of  number  of  white  clover  plants  perennating 
through  summer/ fall  in  response  to  period  of  deferment  and 
grazing  pressure  (No.  of  plants  m-2). 
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longevity  of  T.  subterraneum  and  T.  hirtum  in  lightly  and  infrequently 
grazed  and  ungrazed  mixed  swards  was  very  poor.  Competition  for  light 
especially  from  the  thick  forage  seems  to  be  implicated. 

There  were  slightly  more  perenniating  white  clover  plants  on 
wetter  than  drier  sites.  Only  about  one-eighth  of  the  plants  survived 
in  the  subplots  that  received  the  herbicide  Banvel®  compared  to  those 
without  application  (Table  9;  Appendix  Tables  23  and  24).  This  was 
expected,  the  Banvel®  application  was  meant  deliberately  to  eliminate 
all  white  clover  that  might  have  survived. 

Number  of  White  Clover  Seedlings  Recruited 

_2 

The  number  of  white  clover  seedlings  recruited  m was  affected 
by  both  period  of  deferment  and  grazing  pressure  (P  = 0.0001  and 
0.0001,  respectively).  The  quadratic  terms  (PD  and  GP  ) were  not 
significant,  but  there  was  an  interaction  (PD  x GP)  (P  = 0.0012)  as 
shown  in  Appendix  Tables  25  and  26.  The  highest  number  of  white 
clover  seedlings  was  at  the  combination  of  shortest  period  of  defer- 
ment and  heaviest  grazing  pressure  (Figs.  22  and  23).  The  main 
seedling  emergence  in  the  pastures  was  in  the  early  October  period, 
when  screen  temperatures  had  reached  below  28°/15°C  (Table  2).  This 
could  be  accounted  for  by  the  low  temperature  requirement  for  fluctua- 
ting temperatures  to  soften  hard  seed.  Any  grazing  management  practice, 
such  as  heavy  and  short  periods  of  deferment  increases  soil  temperature 
fluctuations,  also  leads  to  lower  soil  minimum  temperature,  thus 
meeting  both  requi rements . Pastures  not  grazed  by  this  date  (i.e., 

124  and  152  days  periods  of  deferment),  and  lightly  grazed  pastures 
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Fig,  22.  Surface  plot  of  white  clover  seedlings  recruited  in 
response  to  period  of  defernent  and  grazing  pressure. 
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Fig.  23.  Contour  plot  of  white  clover  seedlings  recruited  in  response 
to  period  of  deferment  and  grazing  pressure. 
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failed  to  meet  these  requirements,  the  consequence  was  fewer  recruited 
seedl ings . 

There  was  no  significant  difference  in  number  of  recruited  white 
clover  seedlings  between  wet  and  dry  sites.  Also,  between  herbicide 
treatments,  no  differences  emerged  (P  = 0.3660)  (Table  9).  It  would 
appear  that  seedling  recruitment  is  influenced  by  amount  of  space 
available  for  these  seedlings  to  develop.  Moisture  differences  within 
the  site  per  se  may  have  very  little  influence. 

Disease  Attack 

Leaf  Rust  and  Phoma  Leafspots 

Leaf  rusts,  caused  by  Uromyces  tri fol i i var  trifolii-repentis 
(Liro)  Arth.  and  leafspots,  caused  by  Phoma  sp.  were  the  two  most 
prevalent  cool  season  (early  spring)  diseases  on  white  clover  foliage, 
including  leaf  petioles.  Figures  24  and  25  show  disease  attack  scores 
jointly  since  these  diseases  occurred  simultaneously.  Grazing  pressure 
had  a linear  effect  upon  disease  attack  (P  = 0.0496)  as  shown  in  Appen- 
dix Tables  27  and  28.  The  response  of  period  of  deferment  was  linear 
(P  = 0.0001)  but  there  was  no  quadratic  effect  (P  > 0.05). 

The  highest  disease  attack  was  recorded  at  the  combination  of 
the  lightest  grazing  pressure  and  longest  period  of  deferment.  The 
logical  explanation  for  this  is  that  the  more  lax  grazing  management 
resulted  in  heavier  thatch  of  residue  which  could  have  acted  as  a 
source  of  inoculum  for  the  development  of  disease  the  following  spring. 
There  were  no  differences  in  disease  attack  between  the  sites  and 
between  herbicide  treatments  (Table  10). 


Leaf  rust  and  phoma  leafspot  attack  scores 
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Fig.  24.  Sur-^ace  plot  o'!"  leaf  rust  and  phoma  leafspot  attack 
scores  (on  0 to  5 scale)  in  resnonse  to  period  of 
deferment  and  grazing  pressure. 


Period  of  deferment  in  days  after  June  20 
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Disease  Attack  Scores  on  0-5  Scale 


Fig.  25.  Contour  of  leaf  rust  and  phona  leafsnot  attack  scores 
(On  0 to  5 scale)  in  response  to  period  of  defernent 
and  grazing  pressure. 
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Table  10.  White  clover  leaf  rust  and  Phoma  leafspot,  root  and  stolon 
rot  diseases  attack  scores  (0-5)  on  dry  and  wet  sites  and  on 
herbicide  treated  subplots. 


Parameter 

1982 

1983 

Between 

sites 

Leaf  rust  and 
Phoma  leafspots 

Wet 

Dry 

Wet 

1.02  a* 

Dry 

1.08  a 

Root  and  stolon 
rots 

1.89  a 

1.61  a 

- 

- 

Between 

herbicide  treatments 

Leaf  rust  and 
Phoma  leafspots 

Control 

Banvel 

Furadan 

Control 
1.13  a 

Banvel 
1.03  a 

Furadan 
1.00  a 

Root  and  stolon 
rots 

* 

1.66  a 

1.76  a 

1.84  a 

- 

- 

- 

Values  within  the  row  and  year  that  are  followed  by  the  same  letter 
are  not  statistically  different  at  P = 0.05  level. 
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Root  and  Stolon  Rot  Diseases 

The  response  of  root  and  stolon  rot  diseases  caused  by  Fusari urn 
oxysporium  Schlecht. , Phythium  middletonii  and  Scleroti urn  rol fsi i Sacc. 
is  presented  in  Figs.  26  and  27.  It  is  a characteristic  saddle  point 
type  of  response.  Both  the  linear  functions  (PD  and  6P)  were  signi- 
ficant (P  = 0.0007  and  0.0001,  respectively)  as  well  as  their  quadratic 
functions  (P  = 0.0007  and  0.0139,  respecti vely) , but  the  interaction 
was  not  significant  (Appendix  Tables  29  and  30). 

In  response  to  period  of  deferment  a maximum  point  is  depicted 
at  68-96  days.  Obviously,  up  to  this  point,  September,  a lot  of  stolon 
bruising  and  pulling  had  taken  place,  from  the  grazing  process.  This, 
coupled  with  the  hot  humid  climate  prevailing  up  to  this  date,  was 
conducive  to  a complex  of  rot  diseases.  The  response  to  grazing  pres- 
sure, on  the  other  hand,  shows  the  highest  attacks  at  both  the  heaviest 
and  lightest  grazing  pressures.  No  logical  explanation  can  be  offered 
for  this  type  of  response,  although  it  would  appear  there  was  much 
bruising  and  trampling  of  stolons  at  the  heaviest  grazing  pressure. 

At  the  lightest  grazing  pressure,  the  micro-climatic  conditions  be- 
neath the  thick  residue  could  have  enhanced  rot  disease  development. 

Stolon  death  and  replacement  is  a continuous  process  in  white 
clover  stands  and  gaps  in  the  crop  cover  tend  to  be  filled  by  spread 
from  surviving  plants  and  stolons.  It  is  probable  that  the  clover 
rot  disease  infection,  even  if  not  directly  contributing  to  stolon 
death,  adversely  affected  the  plant's  ability  to  survive.  There  was, 
however,  no  evidence  of  either  increased  stolon  death  or  reduced 
recovery  associated  with  the  diseases  in  this  study,  but  these  effects 
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Fig.  25.  Surface  plot  of  root  and  stolon  rot  disease  attack  scores 
(on  0 to  5 scale)  in  response  to  period  of  deferment  and 
grazing  pressure. 


Period  of  deferment  in  days  after  June  20 
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Fig.  27.  Contour  plot  of  root  and  stolon  rot  disease  attack  scores 
(on  0 to  5 scale)  In  resnonse  to  neriod  of  deferment  and 
grazing  pressure. 
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may  operate  at  levels  of  infection  much  higher  than  those  recorded 
or  as  the  cumulative  effects  on  the  plant.  Scott  and  Evans  (1980) 
have  seen  the  rot  disease  complex  devastate  clover  stands,  forage 
yield  and  seed  yield  when  the  disease  persisted  in  the  soil  and 
increased  due  to  the  build-up  of  inocula. 

Differences  between  sites  and  herbicide  treatments  were  not 
significant  (Table  10). 


Ground  Cover 


White  Clover  Ground  Cover 

The  heaviest  grazing  pressure  resulted  in  the  highest  percent 

white  clover  ground  cover  (P  = 0.0001).  This  was  in  combination  with 

short  periods  of  deferment  (Figs.  28,  29,  30,  and  31).  In  both  years, 

there  was  a linear  response  to  period  of  deferment  (P  = 0.0071  and 

0.0001,  respectively)  and  grazing  pressure  (P  = 0.0001  and  0.0001, 

2 

respectively).  In  each  year,  there  were  no  quadratic  effects  PD 
2 

and  GP  ) . An  interaction  (PD  x GP)  was  found  only  in  1983  (Appendix 
Tables  31,  32,  33,  and  34). 

In  1982, the  wetter  site  had  a denser  white  clover  ground  cover 
(P  = 0.0001)  as  shown  in  Table  11.  The  wetter  site  in  1983  resulted 
in  a denser  but  not  higher  ground  cover  than  the  drier  site  (P  = 0.2990). 
The  subplots  that  had  received  Banvel®  application  resulted  in  lower 
white  clover  cover  (P  = 0.0004)  in  1982  but  not  in  1983  (P  = 0.9194). 
Because  they  contained  predominantly  seedling  clover,  the  clover  stands 
in  these  subplots  did  not  have  extensively  developed  stolons  to  give 
an  effective  ground  cover. 


Percent  white  clover  ground  cover 
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Fig,  28.  Surface  plot  of  white  clover  percent  ground  cover  in 
response  to  period  ot  de'f'erment  and  crazing  pressure 
for  April  1982. 


Period  of  deferment  in  days  after  June 
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Fig.  29.  Contour  plot  of  white  clover  percent  ground  cover  in 
response  to  period  of  defe'^nent  and  grazing  pressure 
for  April  1982. 
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Fig.  30.  Surface  plot  of  white  clover  percent  ground  cover  in 
response  to  period  of  deferment  and  grazing  pressure 
for  April  1983. 


Period  of  deferment  in  days  after  June  20 
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Fig.  31.  Contour  olot  of  white  clover  percent  ground  cover  in 
response  to  period  of  deferment  and  orazinc  pressure 
for  April  1983. 
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Table  11.  White  clover  and  cool  season  weeds  percent  ground  cover  on 
wet  and  dry  sites  and  on  herbicide  treated  subplots. 


Year 

Parameter 

1982 

1983 

Between  sites 

Wet 

Dry  Wet 

Dry 

White  clover 

50  a* 

35  b 39  a 

36  a 

cover 

Weed  cover 

- 

12  a 

19  b 

Between  herbicide  treatments 

Control 

Banvel 

Furadan  Control 

Banvel 

Furadan 

White  clover 
cover 

52  a 

33  b 

44  a 39  a 

33  a 

40  a 

Weed  cover 

- 

- 

14  a 

15  a 

18  a 

* 

Values  within  row 
not  statistically 

and  year 
different 

that  are 
at  P = 

! followed  by  the 
0.05  level . 

same  letter  are 

99 


Cool  Season  Weed  Species  Percent  Ground  Cover 

A combination  of  heaviest  grazing  pressure  and  shortest  period 
of  deferment  resulted  in  the  sparsest  weed  ground  cover.  The  weeds 
were  mostly  cool  season  grasses  and  broadleaf  herbs  that  in  some 
cases  included  ryegrass  (Lolium  multiflorum) , Bromus  spp. , red  clover 
(Tri folium  pra tense),  Brassica  spp. , birdsfoot  trefoil  (Lotus  cornicu- 
1 atus) , and  other  wild  species. 

Increased  grazing  pressure  increased  the  percent  ground  cover  of 
weeds  (P  = 0.0034)  and  period  of  deferment  had  a quadratic  effect 
(P  = 0.0151)  and  there  was  an  interaction  between  PD  and  GP  (P  = 0.0057) 
(Figs.  32  and  33).  The  difference  in  weed  cover  was  significantly 
affected  by  soil  moisture  differences.  The  drier  site  had  a higher 
weed  cover  (P  = 0.0015)  but  the  herbicide  treatments  had  little 
effect  (P  = 0.1545)  as  shown  in  Table  11  and  Appendix  Tables  35  and 
36.  Weed  cover,  it  appears,  was  inversely  related  to  white  clover  cover. 

Pest  Attack 


Population  of  Grazing  Snails 

The  grazing  snail,  Polygyra  cereolus  Muhlfeld  and  Arthropod  popu- 
lations have  been  known  to  be  influenced  by  sward  management  (Purvis 
and  Curry,  1981).  Figures  34  and  35  depict  the  response  of  the  grazing 
snails'  population  to  period  of  deferment  and  grazing  pressure.  Low- 
est numbers  of  snails  were  recorded  at  the  longest  period  of  defer- 
ment and  the  lowest  grazing  pressure.  There  was  a linear  response  to 
grazing  pressure  (P  = 0.0009)  and  a quadratic  response  to  period  of 
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Fig.  32.  Surface  plot  of  cool  season  weed  species  percent  ground 
cover  in  response  to  period  of  deferment  and  grazing 
pressure. 


Period  of  deferment  in  days  after  June  20 
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Fig.  33.  Contour  olot  of  cool  season  Vv'eed  species  percent 
ground  cover  in  response  to  oeriod  of  deferment 
and  grazing  pressure. 
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Fig.  34.  Surface  plot  of  grazing  snails  oooulations  in  response 
to  period  of  deferment  and  grazing  oressure. 


Period  of  deferment  in  days  after  June  20 
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Fig.  35,  Contour  plot  of  grazing  snails  pooulation  in  response 
to  period  of  deferment  and  grazing  pressure. 


104 


deferment  (P  = 0.0016).  There  was  also  an  interaction  (P  = 0.0181) 
as  shown  in  Appendix  Table  37.  The  relatively  low  snail  populations 
at  the  combination  of  shortest  periods  of  deferment  and  heaviest 
grazing  pressure  (Fig.  35)  is  ascribed  to  the  near  depletion  of  vege- 
tation cover  and  a more  open  canopy,  which  might  have  proved  unfavor- 
able to  the  snails  at  this  grazing  management.  Less  intensively 
and  infrequently  grazed  pastures,  on  the  other  hand,  resulted  in  poor 
clover  stands  and  could  have  resulted  in  horizontal  movements  of 
snails  away  from  these  swards. 

Although  the  difference  between  wet  and  dry  sites  was  not  statis- 
tically significant  (Table  12),  it  is  likely  that  the  drier  environment 
was  unfavorable  to  snails.  The  lack  of  response  between  wet  and  dry 
sites  in  this  case  can  be  ascribed  to  the  error  arising  from  diurnal 
variation  in  movements  of  these  snails,  both  horizontally  and  verti- 
cally in  the  soil  and  debris.  There  were  fewer  snails  in  the  subplots 
which  received  the  Banvel®  application  (P  = 0.0046)  (Appendix  Table  38). 
Elimination  of  the  clover  plants  by  the  Banvel®  may  have  cut-off  the 
snails'  food  supply  (Crawford-Sidebotham,  1972)  and  probably  also  re- 
moved a more  effective  shade  otherwise  provided  by  the  white  clover 
components.  This  is  in  agreement  with  Kalmbacher  et  al . (1979)  findings 
who  reported  fewer  snails  in  bahiagrass-without-legume  swards. 

Leafeaters  and  Leaf  Weevil  Attack 

The  response  of  leafeater  and  leaf  weevil  attack  to  grazing  manage- 
ment is  shown  in  Figs.  36  and  37.  There  was  no  linear  and  quadratic 
effect  to  period  of  deferment  (P  = 0.8014  and  0.2563,  respectively). 
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Table  12.  White  clover  pest  attack  scores  (leafeaters  and  leaf  weevils 
on  0-5  scale)  and  grazing  snails  number  m-2  on  wet  and  dry 
sites  and  on  herbicide  treated  subplots. 


Year 


Parameter 

1982 

1983 

Between 

sites 

Wet 

Dry 

Wet 

Dry 

Leafeaters  and 
leaf  weevils 

- 

- 

1.36  a 

1.44  a 

No.  grazing 
snails  m"^ 

43.5  a* 

36.6  a 

- 

- 

Between  herbicide  treatments 

Control  Banvel 

Furadan 

Control 

Banvel 

Furadan 

Leafeaters  and 
leaf  weevils 

- 

- 

1.45  a 

1.35  a 

1.40  a 

No.  grazing 
snails  m"^ 

51.8  a 21.2  b 

47.2  a 

- 

- 

- 

*Values  within  the  row  and  year  and  followed  by  the  same  letter  are 
not  stastically  different  at  P = 0.05  level. 


Leafeater  and  leaf  weevil  pest  attack  scores 
(on  0 to  5 scale) 
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Fig.  36.  Surface  plot  of  leaf  eater  and  leaf  weevil  pest  attack 
scores  on  white  clover  in  response  to  period  of 
deferment  and  grazing  pressure. 


Period  of  deferment  in  days  after  June  20 
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Pest  Attack  Scores  on  0-5  Scale 


Fig.  37.  Contour  plot  of  leaf  eater  and  leaf  weevil  pest  attack 

scores  on  white  clover  in  response  to  oeriod  of  deferment 
and  grazing  oressure. 
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Increased  grazing  pressure  resulted  in  decreased  pest  attack  (P  = 

2 

0.0009)  but  there  was  no  quadratic  (GP  ) effect  (P  = 0.7805)  and  no 
interaction  (P  = 0.0712).  The  differences  in  pest  attack  between 
sites  and  herbicide  treatments  were  small  (Appendix  Tables  39  and  40; 

Table  12). 

Although  the  nature  of  the  pests  is  not  known,  it  would  appear 
that  their  attack  was  positively  associated  with  those  areas  in  which 
white  clover  gave  the  highest  forage  yield  and  where  it  perennated 
most.  These  happened  to  be  the  moist  areas  because  the  correlation  of 
pest  attack  with  soil  moisture  was  high,  positive,  and  statistically 

p 

significant  (r  =0.74  and  PR0B>/R/ = 0.0001  ) . These  were  probably  the 
areas  in  which  these  pests  perennated,  laid  their  eggs,  and  caused 
most  of  the  damage. 

Early  Preclusion  of  Grazing 

Table  13  shows  the  opposite  effect  of  closing  the  pasture  early 
in  the  summer  and  fall  on  spring  production  and  disease  and  pest 
attack  situation  of  white  clover.  There  was  a remarkable  increase  in 
total  forage  production  of  the  heavily  grazed  pastures  and  especially 
those  at  short  periods  of  deferment  when  precluded  from  grazing  early 
in  summer  and  fall.  This  was  because  of  a more  effective  white  clover 
contribution  to  yield.  However,  those  from  which  grazing  was  shut-off 
early  resulted  in  increased  pest  and  disease  attack. 

It  is  most  likely  that  these  caged-off  pastures  served  as  pest- 
and  disease-breeding  islands.  They  showed  more  fully  developed  clover 
early  in  the  winter  months,  but  their  disease  and  pest  attacks  were 
also  noticeable  early  in  spring.  It  would  have  been  an  advantage  to  close 


Table  13.  Total  available  forage,  white  clover  yield,  pest  attack  and  disease  attack  score  percen- 
tage increases  over  grazed  pasture  in  spots  excluded  from  grazing  early  in  summer  and 
fall. 
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these  pastures  early  in  summer  and  fall  if  the  pastures  were  grazed 
earlier  in  the  winter-spring  to  cut  down  on  the  diseases  and  pests. 

This  management  system  is  synomymous  with  stock  piling  for  mid-winter/ 
early-spring  grazing,  in  which  the  white  clover  that  has  been  given 
an  early  chance  to  develop  in  the  late  summer- fall  period  provides 
the  bulk  of  quality  forage. 

Total  Non-Structural  Carbohydrates  and  Protein 

The  influence  of  the  previous  summer-fall  grazing  management,  with 
reference  to  period  of  deferment  and  grazing  pressure  on  early  spring 
total  non-structural  carbohydrates  (TNC)  and  crude  protein  (CP)  contents 
of  white  clover  stolons  was  minimal  (Appendix  Tables  41  and  42).  The 
response  to  period  of  deferment  and  grazing  pressure  was  not  signifi- 
cant. This  lack  of  response  may  mean  that  other  factors  have  a greater 
influence  upon  TNC  and  CP.  In  spite  of  seasonal  fluctuations,  they 
varied  considerably  diurnal ly  also  in  response  to  environmental  changes. 

Shoots,  such  as  stolons,  depend  upon  roots  to  furnish  necessary 
water  and  essential  mineral  elements  for  use  in  photosynthesis  and  in 
growth  processes  during  the  spring  growth  flush.  Limiting  the  activity 
of  the  root  system  relative  to  the  activity  of  the  shoot  would  be 
expected  to  result  in  an  increased  level  of  free  carbohydrates  which 
would  influence  an  increase  in  reserve  carbohydrate  (Buxton  and 
Wedin,  1970).  Probably  no  differences  occurred  to  grazing  pressure 
and  period  of  deferment  because  there  was  no  differential  responses 
to  constantly  changing  environmental  conditions,  such  as  temperature. 
What  was  significant  was  the  fact  that  such  environmental  conditions 
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as  soil  moisture  seemed  to  have  a significant  effect  on  both  TNC  and 
CP  content  of  stolons.  Correlations  are  shown  in  Table  14.  While 
soil  moisture  was  positively  associated  with  CP  content,  it  was 
negatively  correlated  with  TNC  of  stolons.  In  wetter  sites  in  which 
seasonal  growth  may  have  been  shortened  by  moisture  stress,  there  was 
a reduced  amount  of  TNC  in  the  stolons  because  these  reserves  were 
utilized  in  growth  processes.  The  negative  correlation  of  TNC  with 
CP  may  mean  that  either  serves  as  a substitute  for  the  other  during 
stress  periods  to  provide  the  energy  required  for  growth.  Such  envi- 
ronmental factors  as  shading  normally  resulted  in  reduced  carbohydrates 
reserves  and  root  to  shoot  ratios.  Carbohydrate  levels  were  also 
influenced  by  climatic  and  nutrient  factors,  normally  in  a manner 
inversely  related  to  growth  rate. 
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Table  14.  Linear  correlation  coefficients  between  TNC  and  CP 
content  of  white  clover  stolons  with  soil  moisture 
content. 


Independent  variables 

Dependent 

variables 

Soil  White  clover 

moisture  TNC  content 

White  clover 
CP  content 

White  clover 

/ = -0.42 

r^  = -0.64 

TNC  content 

PR0B>/R/=0.0001* 

PR0B>/R/=0.0013 

White  clover 
CP  content 

r^  = 0.74  r^  = -0.64 

PR0B>/R/ =0.0001  PR0B>/R/=0.0013 

-- 

* PR0B>/R/  values  < 0.05  are  statistically  significant. 


CHAPTER  V 

SUMMARY  AND  CONCLUSIONS 


Soil  Moisture  Differences  on  the  Site 

There  were  marked  soil  moisture  differences  within  the  experimen- 
tal site.  The  middle  experimental  units  of  9 through  18,  for  example, 
showed  significant  differences.  These  were  the  pastures  or  experimental 
units  that  showed  a high  water  table  and  thus  ponding  during  the  months 
of  July  to  September.  Other  experimental  units,  which  were  well  drained 
showed  some  severe  moisture  stress  for  white  clover  plants  especially 
during  months  of  insufficient  precipitation. 

Total  Available  Forage  in  Spring 

Total  available  forage  in  spring  increased  with  increasing  grazing 
pressure.  The  highest  amount  of  forage  was  obtained  at  the  500  kg  ha'^ 
level  of  grazing  pressure.  The  response  to  period  of  deferment  was  a 
typical  maximum  point  with  a peak  at  the  96  to  124  days  period  of  defer- 
ment. Increased  forage  with  increasing  grazing  pressure  and  intermediate 
periods  of  deferment  were  ascribed  to  more  effective  white  clover  con- 
tribution to  the  total  available  forage. 

The  wet  site  gave  significantly  higher  amounts  of  forage.  Furadan® 
treated  subplots  gave  the  highest  amount  of  forage,  but  Banvel®- treated 
subplots  gave  the  lowest  amounts.  This  was  due  to  the  predominance  of 
seedling  white  clover  in  these  latter  subplots,  which  did  not  contribute 
so  effectively  to  total  available  forage. 
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White  Clover  Spring  Available  Forage 

White  clover  forage  increased  with  increasing  levels  of  grazing 
pressure.  The  greatest  amounts  of  white  clover  forage  was  obtained 
at  the  500  kg  ha"^  grazing  pressure  level.  However,  the  response  to 
period  of  deferment  was  a typical  maximum  point.  The  greatest  amounts 
of  forage  were  obtained  at  the  68  to  96  days  period  of  deferment. 

White  clover  forage  appeared  to  be  directly  influenced  by  summer-fall 
grazing  management  through  its  effect  on  soil  seed  reserves,  number  of 
seedlings  recruited,  and  especially  ground  cover,  but  the  influence  of 
live-over  white  clover  plants  in  summer- fall  was  not  very  obvious. 

Because  the  Banvel®- treated  plots  only  had  volunteer  or  seedling 
white  clover,  they  gave  the  smallest  amount  of  forage.  The  wetter 
site,  for  its  better  survival  potential,  resulted  in  larger  amounts 
of  white  clover  forage. 

Surivial  Potential  of  White  Clover 

A combination  of  heavy  grazing  pressure  (least  amount  of  residue) 
and  short  to  intermediate  periods  of  deferment  resulted  in  largest 
amounts  of  white  clover  soil  seed  reserves.  The  more  pasture  residue 
resulting  from  long  periods  of  deferment  and  light  grazing  pressure 
levels  produced  correspondingly  less  readily  germinable  white 
clover  soil  seed.  This  was  reflected  in  low  soil  seed  recoveries 
from  the  gerination  recovery  procedure  used.  Soil  seed  reserves 
recovered  by  the  procedure  used  in  this  study  appear  adequate  to  re- 
vegetate the  areas  where  chances  for  white  clover  plants  to  live 
through  the  summer  were  curtailed  by  Banvel®  application.  However, 
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the  prel iminary  data  on  these  soil  seed  reserves  cannot  be  placed 
in  proper  perspective  as  far  as  persistence  is  concerned,  but  they 
do  suggest  the  need  for  more  detailed  studies  in  this  field.  The 
patterns  of  survival,  emergence,  and  replenishment  of  these  seed 
reserves  would  greatly  assist  in  understanding  the  persistence  patterns 
of  legume  components  in  association  with  tropical  grasses. 

Seedlings  recruited,  perennating  plants,  and  ground  cover  of 
white  clover  were  relatively  low  with  the  long  periods  of  deferment 
and  light  grazing  pressure.  While  the  wetter  site  resulted  in  a 
denser  white  clover  cover  and  better  survival  of  white  clover  plants, 
this  advantage  was  not  very  obvious  with  respect  to  soil  seed  reserves 
and  seedling  recruitment  which  were  similar  for  both  dry  and  wet 
sites.  White  clover  yield  appeared  to  be  more  associated  with  high 
survival  potential  in  terms  of  soil  seed  reserves,  seedling  recruit- 
ment, and  percent  ground  cover.  The  influence,  therefore,  of  summer- 
fall  grazing  management  (grazing  pressure  and  period  of  deferment) 
on  white  clover  spring  forage  production  was  through  its  effect  on 
these  survival  mechanisms. 

White  clover  yield  and  survival  potential,  including  population 
of  clover  plants  perennating  through  the  summer-fall  period  were 
inversely  related  to  cool  season  weed  species  ground  cover.  Therefore, 
any  grazing  management  strategy  that  favored  good  survival  potential 
and  white  clover  yield  such  as  heavy  grazing  pressure  and  intermediate 
to  short  periods  of  deferment  reduced  the  ingress  of  these  weed  species 
in  the  pasture  association. 
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Pest  Attack  and  Grazing  Snails  Population 

The  heaviest  grazing  pressure  level  of  500  kg  ha  ^ residue  and 
short  period  of  deferment  resulted  in  significantly  small  grazing 
snail  populations.  Probably  the  more  open  residue  at  this  grazing 
management  strategy  was  an  unfavorable  environment  for  these  snails. 
Since  there  were  relatively  few  white  clover  plants  at  the  lightest 
grazing  pressure,  it  was  not  surprising  that  in  response  to  period 
of  deferment,  the  highest  number  of  grazing  snails  were  at  the  combi- 
nation of  heaviest  to  intermediate  grazing  pressures  and  short  to 
intermediate  periods  of  deferment.  This  grazing  management  provided 
both  food  supply  from  the  white  clover  component  and  an  effective  shade. 

With  respect  to  the  leafeater  and  leaf  weevil  pests,  the  least 
attack  was  obtained  at  the  combination  of  shortest  period  of  deferment 
and  heaviest  grazing  pressure.  The  influence  of  soil  moisture  differ- 
ence between  sites  and  herbicide  treatment  of  both  leaf  pests  and 
grazing  snails  was  less  apparent. 

Disease  Attack 

Decreasing  grazing  pressure  and  increasing  period  of  deferment 
resulted  in  increased  leaf  rust  and  phoma  leafspot  attack.  The  inter- 
mediate period  of  deferment  (68  to  96  days)  and  increasing  grazing 
pressure  resulted  in  increased  root  and  stolon-rot  disease  attack. 

There  was,  however,  no  evidence  of  either  increased  stolon  death  or 
reduced  recovery  associated  with  these  diseases,  but  these  effects  may 
operate  at  levels  of  infection  much  higher  than  those  recorded  in  this 
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study.  Differences  in  disease  attack  between  site,  on  the  one  hand, 
and  between  herbicide  treatments,  were  not  significantly  high  enough. 

Early  Preclusion  of  Grazing 

While  early  preclusion  of  grazing  in  the  summer-fall  period  re- 
sulted in  increased  white  clover  forage  yield  in  the  following  spring, 
unless  this  forage  was  grazed  early  in  mid-to-late  winter/early  spring 
period,  the  preclusion  resulted  in  increased  pest  and  disease  attack 
beside  the  early  development  opportunity  it  gave  to  the  white  clover. 
The  increased  white  clover  forage  yield  with  early  preclusion  was 
especially  obvious  at  the  combination  of  short  periods  of  deferment 
and  heavy  grazing  pressure. 

Total  Non-Structural  Carbohydrates  and  Crude  Protein 

Summer- fall  grazing  management  had  no  effect  on  white  clover 
stolon  TNC  and  CP  contents  the  following  spring.  There  was  a 
significant  positive  relationship  between  soil  moisture  with  both 
TNC  and  CP  content,  but  there  was  an  inverse  highly  significant 
relationship  between  TNC  and  CP  contents. 

The  salient  features  of  the  current  study  with  some  practical 
implications  are  as  follows: 

1.  A combination  of  heavy  grazing  pressure  (500  kg  DM  of  post- 
grazing residue  ha  and  intermediate  periods  of  deferment  (68  to 
96  days  from  20  June)  during  the  summer- fall  period,  results  in  large 
amounts  of  white  clover  forage  in  the  following  spring.  This  is  attri- 
buted to  a dense  clover  and  low  weed  ground  cover,  culminating  in 
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effective  contribution  by  the  clover  to  ’total  available  forage  in 
the  pasture  system. 

2.  Increasing  grazing  pressure  (reduced  amounts  of  post-grazing 
residue)  and  short  to  intermediate  summer-fall  grazing  periods  of 
deferment  results  in  an  open  sward  in  which  clover  plants  are  able  to 
perennate  because  of  reduced  competition  from  the  residue.  The  open- 
sward  environment  encourages  profuse  clover  branching  and  hence  large 
amounts  of  seed  production  for  the  clover  component.  It  provides  an 
optimum  environment  for  clover  seedling  emergence  and  establishment 
in  the  fall.  It  also  reduces  the  opportunity  for  pest  and  disease 
infestation  and  carry-over  from  season  to  season. 

3.  It  appears  that  the  primary  mechanism  for  the  survival  of 
the  white  clover  component  in  bahiagrass-based  pastures  is  the  ade- 
quacy of  clover  seeds  in  the  system,  which  enables  annual  revegetation 
of  the  sward  through  annual  seedling  recruitment.  It  appears  also 
that  adequate  soil  moisture  enhances  the  opportunity  for  perennation 
of  white  clover. 

4.  While  summer-fall  grazing  management  significantly  influences 
the  perennation  ability  of  the  clover  component,  it  does  not,  however, 
appear  to  influence  the  organic  reserve  contents  such  as  total  non- 
structural  carbohydrates  (TNC)  and  crude  protein  (CP)  in  the  white 
clover  stolons  and  roots;  the  reserves  upon  which  individual  plant 
survival  ability  might  depend. 

5.  Lax  grazing  management,  as  afforded  by  large  amounts  of  post- 
grazing residue  and  long  periods  of  deferment,  encourages  pest  and 
disease  attack  to  the  white  clover  component. 
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Table  15.  Analysis  of  variance  for  total  available  forage 

(kg  DM  ha~l)  in  spring  1982,  without  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

5486828.90 

7.51 

0.0001 

PD 

1 

5550.82 

0.01 

0.9307 

GP 

1 

14178994.05 

19.41 

0.0001 

2 

PD 

1 

11329104.90 

15.51 

0.0001 

2 

GP^ 

1 

108759.39 

0.15 

0.7002 

PD  X GP 

1 

1811735.35 

2.48 

0.1178 

Residual  (Error) 

126 

730468.47 

Corrected  total 

*D  \ c w-%  1 . / n 

nc  ^ 

131 

*P  > F values  <0.05  are  statistically  significant. 
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Table  16.  Analysis  of  variance  for  total  available  forage 

(kg  DM  ha-1)  in  spring  1982,  with  subplot  treatments  (T), 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

2402834.95 

3.10 

0.0011 

Site 

1 

4528065.94 

5.84 

0.0172 

T 

1 

5110646.01 

6.59 

0.0115 

PD 

1 

5550.82 

0.01 

0.9327 

GP 

1 

14178994.05 

18.29 

0.0001 

Site  X T 

1 

409500.10 

0.53 

0.4688 

Site  X PD 

1 

53249.28 

0.07 

0.7937 

Site  X GP 

1 

172490.05 

0.22 

0.6380 

T X PD 

1 

155982.77 

0.20 

0.6546 

T X GP 

1 

79717.23 

0.10 

0.7490 

Site  X PD  X GP 

1 

1622765.58 

2.09 

0.1506 

T X PD  X GP 

1 

114222.61 

0.15 

0.7018 

Residual  (Error) 

120 

775349.90 

Corrected  total 

131 

Mean  = 3585 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  17.  Analysis  of  variance  for  total  available  forage 

(kg  DM  ha~1)  in  spring  1983,  without  subplot  treatments  (T) . 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

4903626.45 

7.53 

0.0001 

PD 

1 

246459.49 

0.38 

0.5395 

GP 

1 

15362847.08 

23.60 

0.0001 

2 

PD 

1 

7543395.09 

11.59 

0.0009 

2 

GP 

1 

370363.26 

0.57 

0.4521 

PD  X GP 

1 

995067.33 

1.53 

0.2187 

Residual  (Error) 

126 

651095.11 

Corrected  total 

131 

*P  > F values  <0.05  are  statistically  significant. 
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Table  18.  Analysis  of  variance  for  total  available  forage 
(kg  DM  ha"^)  in  1983  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

2026962.10 

2.89 

0.0022 

Si  te 

1 

3363538.19 

4.79 

0.0306 

T 

1 

1787520.05 

2.55 

0.1132 

PD 

1 

246459.48 

0.35 

0.5547 

GP 

1 

15362847.08 

21 .88 

0.0001 

Site  X T 

1 

230113.64 

0.33 

0.5681 

Site  X PD 

1 

449996.16 

0.64 

0.4250 

Site  X GP 

1 

33418.08 

0.05 

0.8277 

T X PD 

1 

319103.89 

0.45 

0.5015 

T X GP 

1 

190.39 

0.00 

0.9869 

Site  X PD  X GP 

1 

410025.78 

0.58 

0.4463 

T X PD  X GP 
Residual  (Error) 
Corrected  total 
Mean  = 3570 

^ I-  . -t  _ ^ ^ 

1 

120 

131 

93370.34 

702162.77 

0.13 

0.7160 

*P  > F values  <0.005  are  statistically  significant. 
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Table  19.  Analysis  of  variance  for  white  clover  forage 

(kg  DM  ha“^)  in  spring  1982,  without  subplot  treatments  (T), 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

4833511 .47 

23.95 

0.0001 

PD 

1 

7514101.16 

37.23 

0.0001 

GP 

1 

12993577.70 

64.38 

0.0001 

2 

PD 

1 

3595895.26 

17.82 

0.0001 

2 

GP 

1 

56060.24 

0.28 

0.5991 

PD  X GP 

1 

7923.01 

0.04 

0.8433 

Residual  (Error) 

126 

201827.56 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  20.  Analysis  of  variance  for  white  clover  forage 

(kg  DM  ha“l)  in  spring  1982,  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

1916403.35 

8.06 

0.0001 

Site 

1 

76416.48 

0.32 

0.5717 

T 

1 

378853.14 

1.59 

0.2092 

PD 

1 

7514101.16 

31 .62 

0.0001 

GP 

1 

12993577.70 

54.68 

0.0001 

Site  X T 

1 

276.55 

0.00 

0.9728 

Site  X PD 

1 

3224.39 

0.01 

0.9075 

Site  X GP 

1 

8906.70 

0.04 

0.8468 

T X PD 

1 

17723.08 

0.07 

0.7853 

T X GP 

1 

55969.92 

0.24 

0.6283 

Site  X PD  X GP 

1 

1270.40 

0.01 

0.9418 

T X PD  X GP 

1 

30106.38 

0.13 

0.7225 

Residual  (Error) 

120 

237645.03 

Corrected  total 

131 

Mean  = 883 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  21.  Analysis  of  variance  for  white  clover  spring  forage 
(kg  DM  ha"^)  in  1983,  without  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

3711891 .42 

18.04 

0.0001 

PD 

1 

2305832.32 

11.21 

0.0011 

GP 

1 

13456800.05 

65.41 

0.0001 

2 

PD 

1 

2367608.97 

11 .51 

0.0009 

2 

GP 

1 

328482.64 

1 .60 

0.2087 

PD  X GP 

1 

100733.11 

0.49 

0.4854 

Residual  (Error) 

126 

205721.37 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  22.  Analysis  of  variance  for  white  clover  spring  forage 
(kg  DM  ha~^)  in  1983,  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

1523922.13 

6.60 

0.0001 

Si  te 

1 

470770.37 

2.04 

0.1560 

T 

1 

256500.01 

1.11 

0.2941 

PD 

1 

2305832.32 

9.98 

0.0020 

GP 

1 

13456800.05 

58.26 

0.0001 

Site  X T 

1 

18299.56 

0.08 

0.7788 

Site  X PD 

1 

78787.71 

0.34 

0.5603 

Site  X GP 

1 

21136.61 

0.09 

0.7628 

T X PD 

1 

108199.69 

0.47 

0.4950 

T X GP 

1 

398.77 

0.00 

0.9669 

Site  X PD  X GP 

1 

15895.00 

0.07 

0.7935 

T X PD  X GP 

1 

30523.30 

0.13 

0.7169 

Residual  (Error) 

120 

230976.72 

Corrected  total 

131 

Mean  = 1063 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  23.  Analysis  of  variance  for  perennating  white  clover  plants 
m“2  without  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

590.48 

9.81 

0.0001 

PD 

1 

2705.16 

44.92 

0.0001 

GP 

1 

1.27 

0.02 

0.8847 

2 

PD 

1 

36.26 

0.60 

0.4392 

2 

GP'^ 

1 

197.93 

3.29 

0.0722 

PD  X GP 

1 

11.77 

0.20 

0.6592 

Residual  (Error) 

126 

60.22 

Corrected  total 

★ i-  _T 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  24.  Analysis  of  variance  for  perennating  white  clover  plants 
m-2  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

269.7970 

4.28 

0.0001 

Site 

1 

111.4857 

1.77 

0.1863 

T 

1 

11.1613 

0.18 

0.6748 

PD 

1 

2705.1592 

42.87 

0.0001 

GP 

1 

1.2718 

0.02 

0.8873 

Site  X T 

1 

20.6998 

0.33 

0.5679 

Site  X PD 

1 

29.5015 

0.47 

0.4955 

Site  X GP 

1 

3.2984 

0.05 

0.8195 

T X PD 

1 

13.1655 

0.21 

0.6487 

T X GP 

1 

22.8960 

0.36 

0.5481 

Site  X PD  X GP 

1 

5.4437 

0.09 

0.7695 

T X PD  X GP 

1 

43.6845 

0.69 

0.4070 

Residual  (Error) 

120 

Corrected  total 

131 

Mean  = 5.86 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  25. 

Analysis  of  variance 
m-2  without  subplot 

for  whi te  clover 
treatments  (T). 

seedi ings 

recruited 

Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

3381473.09 

14.85 

0.0001 

PD 

1 

6484040.01 

28.48 

0.0001 

GP 

1 

7114516.01 

31.24 

0.0001 

2 

PD 

1 

359772.14 

1.58 

0.2111 

2 

GP^ 

1 

434542.47 

1 .91 

0.1696 

PD  X GP 

1 

2514494.79 

11.04 

0.0012 

Residual 

(Error) 

126 

227709.64 

Corrected 

total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  26.  Analysis  of  variance  for  number  of  white  clover  seedlings 
recruited  (m~2)  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

1568200.95 

6.64 

0.0001 

Si  te 

1 

137352.76 

0.58 

0.4473 

T 

1 

194486.01 

0.82 

0.3660 

PD 

1 

6484040.01 

27.45 

0.0001 

GP 

1 

7114516.01 

30.12 

0.0001 

Site  X T 

1 

272729.56 

1.15 

0.2848 

Site  X PD 

1 

68411.54 

0.29 

0.5915 

Site  X GP 

1 

3766.21 

0.02 

0.8997 

T X PD 

1 

97962.48 

0.41 

0.5208 

T X GP 

1 

172730.94 

0.73 

0.3942 

Site  X PD  X GP 

1 

2739294.27 

10.75 

0.0014 

T X PD  X GP 

1 

164920.66 

0.70 

0.4051 

Residual  (Error) 

120 

236238.08 

Corrected  total 

131 

Mean  = 362.56 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  27.  Analysis  of  variance  for  leaf  rust  and  Phoma  leaf  spot 

disease  attacks  (0-5  scale)  without  subplot  treatments  (T)  for 
1983. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

3.37 

6.62 

0.0001 

PD 

1 

10.41 

20.42 

0.0001 

GP 

1 

2.00 

3.93 

0.0496 

2 

PD 

1 

0.55 

1 .08 

0.3005 

2 

GP^ 

1 

3.07 

6.01 

0.0156 

PD  X GP 

1 

0.85 

1.67 

0.1981 

Residual  (Error) 

126 

0.51 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  28.  Analysis  of  variance  for  leaf  rust  and  Phoma  leaf  spot 
disease  attacks  (0-5  scale)  v/ith  subplot  treatments  (T) 
for  1983. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

1.3791 

2.91 

0.0071 

Si  te 

1 

0.1212 

0.22 

0.6395 

T 

1 

0.3438 

0.63 

0.4306 

PD 

1 

10.4135 

18.95 

0.0001 

GP 

1 

2.0032 

3.64 

0.0586 

Site  X T 

1 

0.0710 

0.13 

0.7199 

Site  X PD 

1 

0.0032 

0.01 

0.9393 

Site  X GP 

1 

0.9263 

1 .69 

0.1967 

T X PD 

1 

0.3077 

0.56 

0.4558 

T X GP 

1 

0.0769 

0.14 

0.7090 

Site  X PD  X GP 

1 

0.8081 

1.47 

0.2277 

T X PD  X GP 

1 

0.0959 

0.17 

0.6769 

Residual  (Error) 

120 

0.5497 

Corrected  total 

131 

Mean  = 1 .05 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  29.  Analysis  of  variance  for  Fusarium  and  Phythi urn  root  and 
stolon  rot  diseases  attack  (scored  on  0-5  scale)  without 
subplot  treatments  (T), 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

8.57 

9.87 

0.0001 

PD 

1 

10.41 

11.99 

0.0007 

GP 

1 

15.72 

18.09 

0.0001 

2 

PD 

1 

10.60 

12.21 

0.0007 

2 

GP^ 

1 

5.40 

6.22 

0.0139 

PD  X GP 

1 

0.73 

0.84 

0.3618 

Residual  (Error) 

126 

0.87 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  30.  Analysis  of  variance  for  Fusari um  and  Pythi urn  root  and 
stolon  rot  diseases  attack  (score  on  0-5  scale)  v/ith 
subplot  treatments  (T), 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

3.0098 

3.03 

0.0014 

Site 

1 

2.5928 

2.61 

0.1087 

T 

1 

0.7273 

0.73 

0.3938 

PD 

1 

10.41  35 

10.49 

0.0016 

GP 

1 

15.7051 

15.82 

0.0001 

Site  X T 

1 

0.0455 

0.05 

0.8309 

Site  X PD 

1 

0.0288 

0.03 

0.8649 

Site  X GP 

1 

1.2821 

1.29 

0.2581 

T X PD 

1 

1.1550 

1.16 

0.2829 

T X GP 

1 

0.2704 

0.27 

0.6027 

Site  X PD  X GP 

1 

0.8490 

0.86 

0.3570 

T X PD  X GP 

1 

0.0385 

0.04 

0.8443 

Residual  (Error) 

120 

0.9928 

Corrected  total 

131 

Mean  =1.75 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  31,  Analysis  of  variance  for  white  clover  percent  ground  cover 
without  subplot  treatments  (T)  in  1982. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

5651.69 

12.52 

0.0001 

PD 

1 

3387.13 

7.50 

0.0071 

GP 

1 

24415.38 

54.09 

0.0001 

2 

PD^ 

1 

153.50 

0.34 

0.5608 

2 

GP^ 

1 

185.74 

0.41 

0.5224 

PD  X GP 

1 

116.69 

0.26 

0.6120 

Residual  (Error) 

126 

451.42 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  32.  Analysis  of  variance  for  white  clover  percent  ground  cover 
with  subplot  treatments  (T)  in  1982, 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

3364.48 

8.39 

0.0001 

Si  te 

1 

7025.52 

17.52 

0.0001 

T 

1 

6252.55 

13.12 

0.0004 

PD 

1 

3387.13 

8.45 

0.0044 

GP 

1 

24415.38 

60.88 

0.0001 

Site  X T 

1 

0.73 

0.00 

0.9661 

Site  X PD 

1 

353.28 

0.88 

0.3499 

Site  X GP 

1 

34.67 

0.09 

0.7693 

T X PD 

1 

90.24 

0.22 

0.6361 

T X GP 

1 

353.08 

0.88 

0.3500 

Site  X PD  X GP 

1 

78.40 

0.20 

0.6592 

T X PD  X GP 

1 

18.26 

0.05 

0.8314 

Residual (Error) 

120 

401.07 

Corrected  total 

131 

Mean  = 42.6 

*P  > F values  <0.05  are  statistically  significant. 
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Table  33.  Analysis  of  variance  for  white  clover  percent  ground  cover 
without  subplot  treatments  (T)  in  1983. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

9724.84 

40.25 

0.0001 

PD 

1 

16955.13 

70.18 

0.0001 

GP 

1 

28692.51 

118.76 

0.0001 

2 

PD'^ 

1 

319.26 

1.32 

0.2525 

2 

GP^ 

1 

349 . 32 

1.45 

0.2314 

PD  X GP 

1 

2307.96 

9.55 

0.0025 

Residual  (Error) 

126 

241.60 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  34.  Analysis  of  variance  for  white  clover  percent  ground  cover 
with  subplot  treatments  (T)  for  1983. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

4474.80 

17.99 

0.0001 

Si  te 

1 

270.61 

1.09 

0.2900 

T 

1 

2.56 

0.01 

0.9194 

PD 

1 

16955.13 

68.18 

0.0001 

GP 

1 

28692.51 

115.38 

0.0001 

Site  X T 

1 

505.92 

2.03 

0.1564 

Site  X PD 

1 

187.71 

0.75 

0.3867 

Site  X GP 

1 

41.65 

0.17 

0.6831 

T X PD 

1 

46.17 

0.19 

0.6673 

T X GP 

1 

3.77 

0.02 

0.9022 

Site  X PD  X GP 

1 

2402.40 

9.66 

0.0024 

T X PD  xGP 

1 

114.34 

0.46 

0.4990 

Residual  (Error) 

120 

248.69 

Corrected  total 

131 

Mean  = 37.3 

*P  > F values  < 0.05  are  statistically  significant. 


Table  35.  Analysis  of  variance  for  cool  season  weed  species  percent 
ground  cover  without  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

636.46 

5.44 

0.0002 

PD 

1 

322.02 

2.75 

0.0995 

GP 

1 

1043.94 

8.93 

0.0034 

PD^ 

1 

709.78 

6.07 

0.0151 

GP^ 

1 

179.98 

1.54 

0.2170 

PD  X GP 

1 

926.56 

7.93 

0.0057 

Residual 

(Error) 

125 

116.91 

Corrected 

total 

131 

*P  > F values  < 0, 

.05  are  stastically  significant. 
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Table  36.  Analysis  of  variance  for  cool  season  weed  species  percent 
ground  cover  with  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

359.32 

3.09 

0.0012 

Site 

1 

1236.50 

10.63 

0.0015 

T 

1 

238.92 

2.05 

0.1545 

PD 

1 

334.84 

2.88 

0.0924 

GP 

1 

1020.95 

8.78 

0.0037 

Site  X T 

1 

39.56 

0.34 

0.5609 

Site  X PD 

1 

20.03 

0.26 

0.6123 

Site  X GP 

1 

4.34 

0.04 

0.8472 

T X PD 

1 

4.62 

0.04 

0.8424 

T X GP 

1 

51.00 

0.44 

0.5092 

Site  X PD  X GP 

1 

891.85 

7.67 

0.0065 

T X PD  X GP 

1 

99.98 

0.86 

0.3558 

Residual  (Error) 

iigt 

116.34 

Corrected  total 

131 

Mean  = 15.54 


*P  > F values  < 0.05  are  stastically  significant. 
fThere  was  one  missing  value. 
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Table  37.  Analysis  of  variance  for  number  of  grazing  snails  (m^) 
without  subplot  treatments  (T). 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

6563.28 

5.55 

0.0001 

PD 

1 

50.88 

0.04 

0.8360 

GP 

1 

13627.71 

11.53 

0.0009 

2 

PD^ 

1 

12244.46 

10.36 

0.0016 

2 

GP 

1 

109.12 

0.09 

0.7618 

PD  X GP 

1 

6784.25 

5.74 

0.0181 

Residual  (Error) 

126 

1182.43 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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_2 

Table  38.  Analysis  of  variance  for  number  of  grazing  snails  (m  ) 
v/ith  subplot  treatments  (T),. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

2291.16 

1.76 

0.0691 

Si  te 

1 

1554.61 

1.19 

0.2773 

T 

1 

5702.81 

4.37 

0.0046 

PD 

1 

50.88 

0.04 

0.8483 

GP 

1 

13627.71 

10.44 

0.0016 

Site  X T 

1 

294.56 

0.23 

0.6356 

Site  X PD 

1 

388.15 

0.30 

0.5865 

Site  X GP 

1 

361 .85 

0.28 

0.5995 

T X PD 

1 

73.92 

0.06 

0.8123 

T X GP 

1 

913.92 

0.70 

0.4043 

Site  X PD  X GP 

1 

6433.21 

4.93 

0.0283 

T X PD  X GP 

1 

1026.43 

0.79 

0.3769 

Residual  (Error) 

120 

1304.99 

Corrected  Total 

131 

Mean  = 40.07 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  39.  Analysis  of  variance  for  leafeaters  and  leaf  weevils  attack 

scores  (on  0-5  scale)  without  subplot  treatments  (T)  for  1983. 


Source 

Degree  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

0.6591 

3.27 

0.0084 

PD 

1 

0.0128 

0.06 

0.8014 

GP 

1 

2.3365 

11.58 

0.0009 

PD^ 

1 

0.2624 

1.30 

0.2563 

GP^ 

1 

0.0157 

0.08 

0.7805 

PD  X GP 

1 

0.6679 

3.31 

0.0712 

Residual  (Error) 

126 

0.2018 

Corrected  total 

131 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  40.  Analysis  of  variance  for  leaf  eaters  and  leaf  weevils  attack 
scores  (on  0-5  scale)  with  subplot  treatments  (T)  for  1983. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

11 

0.4182 

2.08 

0.0266 

Site 

1 

0.1894 

0.94 

0.3336 

T 

1 

0.0710 

0.35 

0.5533 

PD 

1 

0.0128 

0.06 

0.8010 

GP 

1 

2.3365 

11.62 

0.0009 

Site  X T 

1 

0.1392 

0.69 

0.4069 

Site  X PD 

1 

0.3878 

1 .93 

0.1674 

Site  X GP 

1 

0.0513 

0.26 

0.6144 

T X PD 

1 

0.2031 

1.01 

0.3168 

T X GP 

1 

0.1454 

0.72 

0.3967 

Site  X PD  X GP 

1 

0.8284 

4.12 

0.0446 

T X PD  X GP 

1 

0.2353 

1.17 

0.2814 

Residual  (Error) 

120 

0.2010 

Corrected  total 

131 

Mean  =1.40 

*P  > F values  < 0.05  are  statistically  significant. 
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Table  41.  Analysis  of  variance  for  TNG  content  (on  DM  basis)  for  main 
treatments  only. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

138.88 

1.49 

0.1994 

PD 

1 

45.13 

0.48 

0.4885 

GP 

1 

391.34 

4.19 

0.0532 

2 

PD 

1 

177.20 

1.90 

0.1713 

2 

GP^ 

1 

24.22 

0.26 

0.6117 

PD  X GP 

1 

56.48 

0.60 

0.4385 

Residual  (Error) 

103 

93.38 

Corrected  total 

lost 

*P  > F values  < 0.05  are  statistically  significant. 
fThere  was  one  missing  plot. 
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Table  42.  Analysis  of  variance  for  crude  protein  content  (on  DM  basis) 
for  main  treatments  only. 


Source 

Degrees  of 
freedom 

Mean  square 

F value 

P > F* 

Model 

5 

1.42 

0.60 

0.7012 

PD 

1 

3.13 

1.33 

0.2514 

GP 

1 

1.35 

0.57 

0.4507 

2 

PD^ 

1 

1.86 

0.79 

0.3762 

2 

GP^ 

1 

0.36 

0.15 

0.6976 

PD  X GP 

1 

0.38 

0.16 

0.6873 

Residual  (Error) 

104 

2.35 

Corrected  total 

109 

*P  > F values  < 0.05  are  statistically  significant. 
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